Influence de l'intensification agricole et de la sélection de proies des parents sur la diète des oisillons chez l'Hirondelle bicolore (Tachycineta bicolor) by Bellavance, Véronique
  
  
 
 
INFLUENCE DE L’INTENSIFICATION AGRICOLE ET DE LA SÉLECTION DE PROIES 
DES PARENTS SUR LA DIÈTE DES OISILLONS  
CHEZ L’HIRONDELLE BICOLORE  
(TACHYCINETA BICOLOR) 
 
 
 
 
par 
 
 
 
 
 
Véronique Bellavance 
 
 
 
 
 
 
mémoire présenté au Département de biologie en vue 
de l’obtention du grade de maître ès sciences (M.Sc.) 
 
 
 
 
 
 
 
FACULTÉ DES SCIENCES 
UNIVERSITÉ DE SHERBROOKE 
 
 
 
 
 
 
 
 
Sherbrooke, Québec, Canada, avril 2014 
  
  
Le 14 avril 2014 
 
 
 
 
le jury a accepté le mémoire de Madame Véronique Bellavance 
dans sa version finale. 
 
 
 
 
Membres du jury 
 
 
 
 
Professeur Dany Garant 
Directeur de recherche 
Département de biologie 
 
 
 
 
Professeur Marc Bélisle 
Codirecteur de recherche 
Département de biologie 
 
 
 
 
Professeur Jade Savage 
Membre externe 
Département de biologie 
Bishop’s University 
 
 
 
 
Professeur Fanie Pelletier 
Président-rapporteur 
Département de biologie 
  
 
i 
 
SOMMAIRE  
 
 
L’anthropisation est un phénomène mondial qui affecte plusieurs taxa qui se retrouvent dans 
des milieux variés, autant terrestres qu’aquatiques. Même si, pour quelques espèces, ces 
changements sont bénéfiques, pour la plupart d’entres-elles ils entrainent des conséquences 
désastreuses pouvant mener au déclin de leurs populations. L’avifaune insectivore aérienne 
champêtre n’est pas épargnée par ce phénomène puisque la détérioration des aires de 
reproduction par l’intensification des pratiques agricoles a participé, de manière non 
équivoque, au déclin de cette faune. En effet, plusieurs études ont montré des effets négatifs de 
l’intensification agricole sur certains traits d’histoire de vie de ses oiseaux (p. ex. : diminution 
de la croissance et du succès reproducteur chez les oiseaux de milieux intensifs vs milieux 
extensifs). Afin d’expliquer ces effets, l’hypothèse la plus souvent suggérée se base sur le fait 
que dans les milieux agricoles intensifs où des insecticides sont utilisés, la disponibilité en 
insectes est inférieure aux milieux naturels. Donc, par l’entremise d’une diminution en 
abondance et en diversité d’insectes disponibles dans les milieux agricoles, la diète des 
oiseaux est affectée ce qui peut potentiellement participer au déclin des insectivores aériens. 
Or, peu d’études ont tenté de déterminer la diète d’un insectivore aérien champêtre en déclin 
dans les milieux agricoles ou ont tenté de déterminer les variables qui peuvent influencer sa 
sélection de proies, changeant potentiellement la composition même de la diète.  
 
 
Sachant que 1) la diète insectivore est influencée par la disponibilité de proies dans le milieu;  
que 2) la disponibilité de proies est influencée par l’environnement (paysage, conditions 
météorologiques et temporelles, etc.); et que 3) les stratégies de quête alimentaire de 
l’insectivore aérien (fréquence et durée des quêtes, nombre de proies capturées, stratégies de 
sélection et d’évitement de proies, etc.) fluctuent et dépendent de la disponibilité de proies 
dans l’environnement et de l’environnement lui-même, je me suis intéressée, dans ce 
mémoire, aux fluctuations dans la sélection de proies d’un insectivore aérien, selon différentes 
variables. Plus particulièrement, je me suis intéressée à l’effet de l’intensification agricole, de 
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la disponibilité de proies dans les milieux agricoles, de la condition morphologique de la 
femelle, de l’état de sa niché et des conditions environnementales et temporelles sur la 
sélection de proies d’un insectivore aérien en déclin. 
 
 
Ainsi, dans cette étude, des becquées alimentaires ont été récoltées chez l’Hirondelle bicolore 
(Tachycineta bicolor), passereau insectivore aérien en déclin dans le Nord-Est de l’Amérique 
du Nord depuis plus de 25 ans, puis comparées à des échantillons d’insectes disponibles, tous 
deux récoltés le long d’un gradient d’intensification agricole dans de Sud du Québec. Mes 
résultats montrent d’abord que les diptères représentent l’ordre le plus important dans la diète 
de l’Hirondelle bicolore et supportent l’idée d’un effet négatif de l’intensification des 
pratiques agricoles sur l’abondance en arthropodes disponibles dans le milieu. Par ailleurs, j’ai 
également montré que les associations entre les composantes du paysage agricole et certains 
taxa d’insectes étaient différentes entre les becquées et les pièges à insectes, suggérant une 
potentielle sélection de proies de la part des hirondelles. J’ai finalement déterminé les 
variables qui affectent le plus fortement la sélection de diptères par l’Hirondelle bicolore, 
c’est-à-dire la disponibilité de diptères dans le milieu, l’intensification agricole et la date de 
récolte des échantillons et ce, contrôlé pour des variables météorologiques et temporelles 
confondantes. 
 
 
Cette étude est, jusqu’à présent, la plus développée et complète sur ce sujet tant au niveau de 
la couverture spatio-temporelle qu’au niveau de l’ampleur de l’échantillonnage qui aboutit en 
une base de données inégalée. De plus, seule l’approche statistique complexe réalisée dans le 
cadre de cette étude permet d’adéquatement caractériser les déterminismes de la sélection de 
proies qui visent à comprendre une réponse comportementale potentielle de l’insectivore 
aérien face à des pressions au niveau des proies lui étant disponibles dans les milieux agricoles 
causée par l’intensification des pratiques agricoles. 
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CHAPITRE 1 
 
 
INTRODUCTION GÉNÉRALE 
 
 
 
Détérioration des habitats : impacts sur la faune 
 
 
« Anthropisation : Processus par lequel les populations humaines modifient ou transforment 
l’environnement naturel. »1 Ce mot n’aura jamais été autant d’actualité que de nos jours. En 
effet, à travers le monde, l’Homme et l’expansion de ses activités ainsi que l’appropriation 
qu’il se fait des ressources, mènent à l’envahissement et à la détérioration des milieux naturels 
(Vitousek et al. 1997; Yoshimura, 2012; Goudie, 2013). Même si pour quelques espèces 
l’anthropisation des milieux naturels est bénéfique, ce qui est le cas par exemple pour les 
insectes nuisibles en agriculture (Simberloff et al., 2013), pour la plupart d’entre elles, la 
détérioration de l’habitat a des conséquences désastreuses. En effet, face à l’anthropisation, 
certaines espèces devront s’adapter rapidement afin d’éviter l’extinction, soit en changeant 
d’habitat, si des habitats propices sont disponibles et si la capacité de dispersion des espèces le 
permet, soit par plasticité phénotypique ou soit par microévolution (Gienapp et al. 2008; 
Luque et al., 2013). Les transformations des milieux naturels actuels sont par contre souvent 
plus rapides que la capacité des espèces à s’adapter à ces changements (Luque et al., 2013) et, 
ainsi, plusieurs espèces fauniques autant terrestres qu’aquatiques sont en déclin partout dans le 
monde ainsi qu’au Canada (Tableau 1.1). L’avifaune insectivore aérienne champêtre n’est pas 
épargnée par le phénomène de détérioration des habitats. En effet, se reproduisant dans les 
milieux agricoles, ces espèces sont fortement affectées par l’anthropisation de leur aire de 
reproduction et sont en déclin depuis plusieurs années. 
                                                 
1
 Dictionnaire de français, Larousse, 
http://www.larousse.fr/dictionnaires/francais/anthropisation/10910377?q=anthropisation#917131 
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Tableau 1.1 Exemples de quelques espèces sauvages indigènes au Canada appartenant à 
divers embranchements qui pourraient disparaitre du pays à cause de leur vulnérabilité face à 
l’anthropisation des habitats. Le statut donné par le COSEPAC (Comité sur la situation des 
espèces en péril au Canada) ainsi que la justification de celui-ci sont montrés pour chacune 
d’elles (Gouvernement du Canada, 2013). 
Espèces Justification du statut Statut 
Mammifères   
Bison des prairies 
(Bison bison bison) 
Expansion des populations ou l’ajout de 
nouvelle population limité par un habitat 
fragmenté et réglementé de manière à exclure 
le bison 
Menacée 
Otarie de Steller 
(Eumetopias jubatus) 
Névralgique à l’anthropisation terrestre et 
aquatique (p. ex. déversement d’hydrocarbure) 
Préoccupante 
Amphibiens   
Grenouille-à-queue des 
Rocheuses 
(Ascaphus montanus) 
Menacée par la perte d’habitat et son 
anthropisation par les routes et par 
l’exploitation forestière 
Menacée 
Poissons   
Bec-de-lièvre  
(Exoglossum maxillingua) 
Menacée par la dégradation de l’habitat et par 
les multiples espèces envahissantes 
Préoccupante 
Arthropodes   
Noctuelle de l'abronie 
(Copablepharon fuscum) 
Limitée (tout comme son hôte) par le 
développement industriel, l’épandage de 
pesticides, etc. 
En voie de 
disparition 
Cicindèle d’Audouin 
(Omus audouini) 
La perte d’habitats par le développement 
urbain et agricole ainsi que la perturbation 
associée aux activités récréatives sont les 
principales menaces. 
Menacée 
Mollusques   
Lampsile jaune 
(Lampsilis cariosa) 
Menacée par la pollution industrielle et par 
certaines espèces non indigènes de poissons 
Préoccupante 
Oiseaux   
Arlequin plongeur 
(Histrionicus histrionicus) 
Menacée par les potentiels déversements de 
pétrole et par la chasse 
Préoccupante 
Bruant sauterelle de la sous-
espèce de l’Est 
(Ammodramus savannarum 
pratensis) 
Vulnérable à la perte et à la fragmentation des 
habitats favorables 
Préoccupante 
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État des populations d’oiseaux insectivores aériens et causes du déclin 
 
 
Depuis près de 50 ans, les populations d’oiseaux insectivores aériens sont en déclin en 
Amérique du Nord et en Europe (Donald et al., 2001; Freemark & Kirk, 2001). Au Canada 
plus particulièrement, les insectivores aériens montrent le déclin le plus prononcé depuis les 
années 1970 avec un déclin de plus de 60% de leurs populations, et ce taux s’élève à 70% 
lorsqu’on se concentre sur les régions du sud du Bouclier canadien et des maritimes (Figure 
1.1; Initiative de conservation des oiseaux de l’Amérique du Nord, 2012). Plusieurs facteurs, 
non exclusifs les uns des autres, sont attribuables à ce déclin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1. Changement en pourcentage dans la situation nationale des populations d’oiseaux 
indigènes observées régulièrement au Canada, regroupées en huit catégories. Ce graphique est 
tiré d’un document officiel publié par le gouvernement du Canada, ce dernier n’étant pas 
associé à ce mémoire (Initiative de conservation des oiseaux de l’Amérique du Nord, 2012). 
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Climat et distance de migration  
 
 
La distance de migration couplée aux changements climatiques a fréquemment été rapportée 
dans la littérature comme cause potentielle du déclin des insectivores aériens (Both et al., 
2006; Nebel et al., 2010; Cormont et al., 2011). En effet, les migrateurs de longues distances 
sont plus vulnérables à l’effet indirect des changements climatiques puisqu’il favorise 
l’avancement des pics d’abondance en insectes en saison estivale, diminuant ainsi les 
probabilités de synchronisme entre l’arrivée du migrant et du pic d’insectes dans le milieu 
(Both & Visser, 2001; Both et al., 2006; Jones & Cresswell, 2010; Nebel et al., 2010). N’étant 
plus synchrone avec le pic de disponibilité de proies, le succès reproducteur de ces individus 
sera diminué, par exemple via une survie plus faible des oisillons au nid (Sanz et al., 2003).  
 
 
Contamination par les polluants 
 
 
Les polluants contribuent également potentiellement au déclin de l’avifaune insectivore. Tout 
d’abord, la contamination de certains polluants par contact direct peut évidemment mener à la 
mort de certains individus (Sibly et al., 2000). Par ailleurs, cette contamination peut également 
induire des limitations dans le succès reproducteur de certaines espèces via des changements 
comportementaux. Par exemple, l’étude de Busby et al. (1990) a montré qu’une exposition à 
l’insecticide Fénitrothion induisait de l’inhabilité à défendre le territoire, une plus forte 
probabilité d’abandonnement de celui-ci, la cessation de l’incubation et finalement 
l’abandonnement de la nichée chez le Bruant à gorge blanche (Zonotrichia albicollis). 
 
 
Les polluants peuvent également influencer de manière indirecte l’avifaune insectivore, par 
exemple, en diminuant l’abondance en insectes dans l’environnement via les pluies acides, 
engendrées par la pollution atmosphérique (Pimentel, 1994). D’ailleurs, les résultats de Nebel 
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et al. (2010), ont montré l’existence d’un gradient géographique dans le patron de déclin des 
insectivores aériens en Amérique du Nord qui s’accentuait pour les espèces qui nichaient dans 
le Nord-Est de l’Amérique du Nord, endroit où les polluants atmosphériques étaient 
abondants. Par ailleurs, les polluants peuvent également affecter indirectement la diète des 
insectivores. En effet, l’étude d’Eeva et al. (2005), a montré que la diète des oiseaux 
insectivores différait entre un environnement contrôle et un milieu contaminé aux métaux 
lourds (plomb et cuivre), et ce, pour deux passereaux : la Mésange charbonnière (Parus major) 
et le Gobe-mouche noir (Ficedula hypoleuca). Cette même étude a également montré que la 
pollution par des métaux lourds affectait le succès reproducteur de ses insectivores par 
l’entremise de leur diète. 
 
 
Modification des aires d’hivernage et de reproduction  
 
 
Les conditions environnementales des aires de reproduction et d’hivernage contribuent aussi, 
probablement, au déclin de l’avifaune insectivore champêtre. Par exemple, l’étude de Marra et 
Holmes (2001) a montré que le patron d’occupation des différents types d’habitats par la 
Paruline flamboyante (Setophaga ruticilla) dans les aires d’hivernage, combiné à la qualité de 
ses habitats, pouvait avoir une influence sur la croissance de leur population durant la saison 
de reproduction suivante. En effet, par des comportements de dominance des mâles plus âgés, 
une ségrégation territoriale est présente chez cette espèce. Or, cette ségrégation entraîne que 
les femelles se retrouvent généralement en plus forte abondance dans les territoires de moins 
bonne qualité. Puisque ces femelles sont forcées à s’établir dans ces habitats, leur condition 
physique en est affectée ce qui influence directement leur survie ainsi que leur de la migration 
(date de début, survie), diminuant donc le nombre de femelles disponibles pour la 
reproduction. Ainsi, par l’entremise des modifications des conditions des aires d’hivernage, la 
croissance de la population de l’espèce est affectée. 
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Dans le même ordre d’idées, la perte des habitats peut également entrainer le déclin de la 
faune insectivore aérienne (Norris et al., 2004) tout comme l’anthropisation des aires de 
reproduction par l’agriculture et l’intensification des pratiques agricoles qui contribuent 
également de façon importante au déclin de cette faune (Chamberlain et al. 2000). 
 
 
L’intensification des pratiques agricoles  
 
 
Les changements dans les pratiques agricoles ont été adoptés afin de combler les demandes du 
marché, s’accentuant au fil des années, engendrés par une population humaine croissante. Au 
Canada, par exemple, la population a subi une augmentation de près de 138% de 1980 à 2011, 
et ce taux s’élève à 620% lorsqu’on considère l’augmentation depuis le début du siècle 
(Statistique Canada, Gouvernement du Canda, 2014). Ainsi, afin d’augmenter la production 
agricole, les pratiques agricoles se sont intensifiées depuis les années 1970, et sont devenues 
plus efficaces, mais également plus invasives. En effet, la superficie des terres utilisée à des 
fins d’agriculture a augmenté de façon importante depuis plusieurs décennies (Jobin et al., 
2013) au détriment des îlots forestiers (Ramankutty & Foley, 1999; Jobin et al., 2013). Au 
Canada, entre autres, la production globale de maïs a augmenté de 126% et la production de 
soya de 370% entre 1985 et 2011 (Food and Agriculture Organization of the United Nations, 
2013). Par conséquent, le paysage agricole s’est transformé, engendrant ainsi des 
répercussions néfastes sur la faune aviaire champêtre y vivant. 
 
 
L’intensification agricole et l’avifaune insectivore champêtre 
 
 
Plusieurs études ont montré un lien clair entre l’augmentation de l’intensification agricole et le 
déclin des insectivores aériens (Fuller et al., 1995; Donald et al. 2001; Benton et al., 2002; 
Grüebler et al., 2008). En effet, l’homogénéisation du paysage par le déboisement des zones 
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marginales, par la perte des îlots forestiers et par la production de monocultures (Benton et al., 
2003; Brown & Schulte, 2011), qui, au Canada consiste principalement à la culture du soya, 
du maïs et de la luzerne (Kerr & Cihlar, 2003) peut, entre autres, expliquer le déclin des 
insectivores aériens champêtres (Meehan et al., 2011). En effet, la disponibilité et l’accès aux 
sites de nidification naturels pour les nicheurs cavernicoles (par exemple l’Hirondelle bicolore 
Tachycineta bicolor, l’Étourneau sansonnet Sturnus Vulgaris, le Tyran huppé Myiarchus 
crinitis, le Merlebleu de l’Est Sialia sialis, le Troglodyte familier Troglodytes aedon, etc.) 
(Robertson & Rendell, 1990) sont limités par la perte des habitats marginaux. De par ce fait, la 
compétition pour les sites de nidification est augmentée (Rendell & Robertson, 1990; 
Robillard et al., 2013). Par ailleurs, l’homogénéisation du paysage désavantage les 
insectivores aériens puisqu’elle favorise la prédation de ces oiseaux ainsi que de leurs nichées 
(Tapper et al., 1996; Bayne & Hobson, 1997; Bohning-Gaese et al. 1999; Pescador & Peris, 
2001; Johnson et al., 2006). En effet, l’abondance de certains prédateurs est plus élevée en 
milieu agricole et la détection et la prédation des nids sont facilitées dans ces habitats (Rendell 
& Robertson 1990; Whittingham & Evans, 2004). Finalement, la perte d’hétérogénéité du 
paysage agricole limite l’établissement d’une communauté d’insectes abondante et diversifiée, 
par, entre autres, la diminution d’une diversité végétale qui limite les hôtes potentiels pour 
certains insectes (Boatman et al., 2004). 
 
 
Les composés chimiques utilisés en agriculture affectent également l’avifaune champêtre. 
Utilisés initialement afin de permettre aux agriculteurs d’effectuer une production agricole 
plus efficace et à moindres coûts (Filson, 2004; Thompson, 2008), l’utilisation des fertilisants 
et des pesticides a eu des effets pernicieux sur les insectivores aériens, et ce, de maintes 
façons. Tout d’abord, certains composés chimiques peuvent avoir un effet létal lors d’un 
contact direct avec les oiseaux (Mineau & Whiteside, 2006). Ensuite, de manière indirecte, la 
consommation d’insectes contaminés par ses composés peut limiter le succès reproducteur ou 
même entrainer la mort des insectivores aériens (Burn, 2000; Smits et al., 2005). Par ailleurs, 
l’utilisation des pesticides diminue l’abondance en insectes dans les milieux agricoles intensifs 
(Evans et al., 2007; Poulin et al., 2010), source alimentaire principale, voire unique, pour cette 
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faune, ce qui diminue également leur succès reproducteur (Hart et al., 2006). Finalement, 
l’utilisation d’herbicides diminue la diversité végétale dans les milieux agricoles et, par le fait 
même, diminue l’abondance en insectes présents dans ses milieux puisqu’ils limitent 
l’abondance de plantes hôtes potentielles pour les arthropodes phytophages (Boatman et al., 
2004). 
 
 
Cas de l’Hirondelle bicolore  
 
 
L’Hirondelle bicolore (Tachycineta bicolor) est un passereau semi-colonial qui s’alimente 
d’insectes volants qui ont des stades larvaires aquatique et terrestre, ce qui la rend sujette à la 
bioaccumulation par les pesticides (Maul et al., 2006; Brasso & Cristol, 2008). Au Québec, 
l’Hirondelle bicolore est en déclin depuis plus de 25 ans et perd près de 5% de ses effectifs 
chaque année (Baeta et al., 2012 adapté de Collins & Downes, 2009). Sachant que 
l’intensification agricole est liée au déclin des insectivores aériens champêtre, une population 
d’Hirondelle bicolore est étudiée et suivie tous les ans depuis 2004 dans un système d’étude 
situé le long d’un gradient d’intensification agricole dans le Sud du Québec. 
 
 
Jusqu’à présent, certaines évidences d’effets néfastes des milieux agricoles intensifs sur les 
traits d’histoires de vie de cet oiseau ont été montrées dans ce système d’étude. D’abord, 
l’étude de Ghilain & Bélisle (2008) a montré que les tailles des couvées étaient plus faibles 
avec l’augmentation de la proportion de cultures intensives dans le paysage, probablement due 
à des abondances en insectes plus faibles dans ces milieux. Dans cette même étude, le nombre 
d’oisillons à l’envol était positivement influencé par la proportion de cultures extensives dans 
le paysage agricole dans un rayon entre 1 et 5 km autour du nichoir. Ensuite, Lamoureux 
(2010) a montré que la durée de la croissance était plus longue pour les oisillons de milieux 
intensifs par rapport à ceux de milieux plus extensifs. Finalement, l’étude de Baeta et al. 
(2012) a montré un effet de l’intensification agricole sur le sexe ratio des oisillons du même 
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système d’étude, celui-ci étant davantage biaisé vers les femelles en milieu plus intensif 
quoique cet effet variait selon les années. De fait, une plus grande proportion de femelles était 
produite dans les années associées à des conditions environnementales difficiles pour 
l’ensemble de la population. 
 
 
Afin d’expliquer ces effets, l’hypothèse qu’il existe une différence dans la disponibilité en 
proies entre les milieux agricoles et les milieux naturels (p. ex. Vickery et al., 2001; Boatman 
et al., 2004), causée, entre autres, par l’utilisation de pesticides dans les milieux agricoles 
intensifs a été mentionnée dans chacune d’elles. Ainsi, afin de vérifier cette hypothèse, l’étude 
de Rioux Paquette et al. (2013) s’est penché sur l’effet de l’intensification agricole sur 
l’abondance et la biomasse des diptères, ordre d’insectes généralement le plus consommé par 
l’Hirondelle bicolore, dont dans ce système d’étude (cette étude; McCarty, 2002; Brasso & 
Cristol, 2008). Elle a montré qu’effectivement, l’abondance en diptères disponible dans le 
milieu était fonction de la superficie des cultures intensives dans un rayon de 500m autour du 
nichoir de l’Hirondelle bicolore. Or, cet effet de la superficie en cultures intensives était, par 
ailleurs, influencé par la date de récolte des échantillons d’insectes. Pour deux des trois années 
étudiées, l’abondance en diptères croissait moins rapidement au cours de la saison dans les 
milieux intensifs que dans les milieux extensifs. 
 
 
L’impact réel de l’augmentation de l’intensification agricole sur le déclin des insectivores 
aériens, causé par la faible disponibilité de proies dans les milieux agricoles intensifs qui 
affecterait la diète des oiseaux, ne peut toutefois pas encore être établi. En effet, rien n’indique 
que les hirondelles consomment les proies proportionnellement à leur disponibilité dans le 
milieu. Elles pourraient, par exemple, changer leurs stratégies alimentaires et, sous différentes 
conditions, sélectionner ou éviter certains types de proies afin de maintenir constante la 
composition de leur diète dans les différents milieux agricoles.  
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La sélection de proies  
 
 
La sélection de proies est définie par l’utilisation d’une ressource disproportionnellement à sa 
disponibilité dans l’environnement. Lorsque cette ressource est utilisée en plus grande 
proportion, il s’agit de sélection positive, et de façon inverse, l’évitement d’une proie 
(sélection négative) se définit par l’utilisation d’une ressource à une proportion plus faible que 
sa disponibilité (Manly et al., 2002).  
 
 
Quelques études ont montré l’effet de la sélection de proies sur plusieurs aspects de la vie d’un 
organisme (croissance, comportement, succès reproducteur, etc.). Par exemple, l’étude 
d’Arnold et al. (2007), a montré que la consommation de taurine par les oisillons Mésange 
bleue (Cyanistes caeruleus), via la sélection d’araignées par les adultes, avait une influence 
sur leur comportement à l’âge adulte. Les oisillons ayant reçu un apport en taurine élevé 
étaient plus enclins à prendre des risques à l’état adulte et développaient généralement 
davantage d’habiletés d’apprentissage que les oisillons n’ayant pas reçu ce traitement. Dans le 
même ordre d’idées, l’étude de Richter-Boix et al. (2007) a montré que les têtards de Pélodyte 
ponctué (Anura : Pelodytes punctatus) sélectionnaient différents types de proies 
dépendamment des conditions environnementales. Lorsqu’ils subissaient de la compétition ou 
lorsque l’étang où ils vivaient s’asséchait, ils s’alimentaient de proies qui favorisaient leur 
développement en vue de la métamorphose tandis que sans ses contraintes, les proies 
consommées favorisaient leur croissance et leur gain en masse. 
 
 
Jusqu’à présent, une seule étude s’est intéressée à la sélection de proies par l’Hirondelle 
bicolore. En effet, l’étude de McCarty & Winkler (1999) a montré des changements dans leur 
sélection de proies selon A) la taille des proies: i) les insectes de petite taille étaient évités; ii) 
les insectes de grandes tailles étaient sélectionnés et cette sélection augmentait avec la date et 
avec l’augmentation de l’abondance en insectes dans le milieu; et selon B) le type de proies :  
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i) les Odonata ainsi que les mouches Brachycera étaient sélectionnés; et ii) les Nematocera 
étaient évités et cet évitement était influencé par la date.  
 
 
Un manque dans les connaissances est par contre toujours présent au niveau de l’effet de 
l’environnement sur la sélection de proies de l’Hirondelle bicolore, pouvant influencer la 
composition de sa diète. En ce sens, des fluctuations dans la disponibilité d’insectes dans le 
milieu (en termes d’abondance et de diversité) causé entre autres par des changements dans les 
conditions environnementales (Mellanby, 1939; Taylor, 1963; Kingsolver, 1989) pourraient 
influencer les comportements de quête alimentaire de l’oiseau (Evans et al., 2003), par 
exemple en diminuant leurs fréquences lors de précipitations (Turner, 1980; Bellavance et al. 
données non publiées) résultant ainsi en une sélection de proies différente entre les milieux. 
En contrepartie, dans un contexte d’intensification agricole où la disponibilité en insectes varie 
entre les milieux intensifs et extensifs en termes de composition spécifique et de disponibilité, 
la diète de l’insectivore aérien pourrait différer entre ses milieux seulement dus à ses 
différences et non par un réponse comportementale de l’Hirondelle bicolore au niveau de sa 
sélectivité pour certains types de proies.  
 
 
Objectifs et importance de l’étude 
 
 
L’objectif général de cette maîtrise vise d’abord à déterminer la diète de l’Hirondelle bicolore, 
un oiseau insectivore aérien en déclin au Québec depuis près de 25 ans, dans un gradient 
d’intensification agricole, et vise ensuite à déterminer et évaluer les relations entre 
l’intensification agricole, la disponibilité de proies dans le milieu et la sélection de proies par 
l’Hirondelle bicolore. 
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Plus spécifiquement, cette étude a pour but de 1) déterminer la composition de la diète de 
l’Hirondelle bicolore (récolte de becquées alimentaires); 2) déterminer l’effet de 
l’intensification agricole sur l’abondance, la biomasse et la diversité d’arthropodes disponibles 
dans l’environnement (récolte de pièges) et dans la diète; 3) déterminer les associations entre 
les composantes du paysage agricole et la composition en insectes disponible dans 
l’environnement et dans la diète; et finalement 4) déterminer l’effet de l’intensification 
agricole et de la disponibilité de proies dans le milieu sur la sélection de proies par 
l’Hirondelle bicolore. 
 
 
Puisque l’objectif premier consiste à déterminer la diète de l’Hirondelle bicolore et qu’il est 
exploratoire, je n’émets aucune hypothèse ni prédiction par rapport à cet objectif. Toutefois, je 
m’attends à ce que les diptères soient l’ordre le plus consommé par l’Hirondelle bicolore tel 
que montré dans de précédentes études. Pour ce qui est des autres objectifs de ce mémoire, je 
m’attends à un effet négatif de l’intensification des pratiques agricoles sur l’abondance, la 
biomasse et la diversité d’insectes dans le paysage, de même que sur l’abondance et la 
biomasse d’insectes dans la diète. Ensuite, je m’attends à observer des patrons d’associations 
entre les composantes du paysage agricole et a) la composition en insectes des pièges et b) la 
composition en insectes des becquées qui diffèrent puisque je m’attends à ce que les 
hirondelles sélectionnent différentes proies selon les milieux, ce qui peut influencer la 
composition de leur diète. Finalement, je m’attends à observer un effet de l’intensification 
agricole et de la disponibilité en proies dans le milieu sur la sélection de diptères par 
l’Hirondelle bicolore. 
 
 
En plus d’être l’une des premières à caractériser la diète de l’Hirondelle bicolore dans un 
gradient de qualité d’habitat, cette étude est parmi les rares à déterminer et évaluer les 
interrelations entre les conditions environnementales, les communautés d’insectes disponibles 
dans l’environnement et les comportements de sélection de proies d’un oiseau, interrelations 
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qui influencent sa diète. Par ailleurs, cette étude est, jusqu’à ce jour, la plus détaillée et 
complète sur ce sujet.  
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CHAPITRE 2 
 
 
INFLUENCE OF AGRICULTURAL INTENSIFICATION AND PARENTAL PREY 
SELECTION ON NESTLINGS’ DIET IN TREE SWALLOWS  
(TACHYCINETA BICOLOR) 
Bellavance, V., Bélisle, M., Savage, J., Pelletier, F., and Garant, D 
 
 
 
MISE EN CONTEXTE 
 
 
L’étude présentée dans ce chapitre porte sur l’influence de l'intensification agricole et de la 
sélection de proies des parents sur la diète des oisillons chez l'Hirondelle bicolore, un 
insectivore aérien en déclin au Québec depuis près de 25 ans. Plus particulièrement, cette 
étude traite de l’effet de l’intensification agricole sur la disponibilité en proies dans le milieu 
ainsi que de l’effet de cette disponibilité en proies et du milieu agricole sur la sélection de 
proies par l’Hirondelle bicolore. Afin d’y arriver, des becquées alimentaires ainsi que des 
échantillons d’insectes disponibles dans le milieu (récolté par pièges) ont été échantillonnés le 
long d’un gradient d’intensification agricole et ont été analysés puis comparés. D’abord, les 
variables environnementales influençant l’abondance, la biomasse et la diversité d’arthropodes 
dans les pièges ont été déterminées. Ensuite, les variables influençant l’abondance et la 
biomasse en diptères, hémiptères et coléoptères dans les becquées et les pièges ainsi que celles 
influençant l’abondance et la biomasse d’éphéméroptères dans les becquées ont été 
déterminées. Finalement, les associations entre les composantes du paysage agricole et la 
composition en insectes dans les becquées et dans les pièges ont été déterminées tout comme 
les variables influençant la sélection de diptères par l’Hirondelle bicolore. 
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En plus d’apporter des connaissances supplémentaires sur l’impact de l’intensification agricole 
sur la diète d’un insectivore aérien en déclin, cette étude met également l’emphase sur les 
variations dans la sélection de proies, engendrées par des changements au niveau des stratégies 
alimentaires des individus, lesquelles fluctuent avec des variations environnementales 
(composition en habitat du paysage agricole, date et heure de la journée, conditions 
météorologiques). Cette étude est, à ma connaissance, la première à analyser l’effet de 
l’environnement agricole sur la sélection de proies d’un oiseau insectivore lorsque des 
variations dans la disponibilité de proies dans le milieu sont considérées, tout en incorporant 
des variables confondantes aux analyses. 
 
 
Les auteurs de cette étude sont Véronique Bellavance, Marc Bélisle, Dany Garant, Jade 
Savage ainsi que Fanie Pelletier. J’ai contribué de façon majoritaire à cette étude, toutes étapes 
confondues (récolte des échantillons sur le terrain, gestion des bases de données, analyse des 
échantillons au laboratoire, analyses statistiques, écriture de la première ébauche de l’article, 
etc.). Mon directeur de recherche, Dany Garant ainsi que mon codirecteur, Marc Bélisle, ont 
encadré et financé le projet. Ils ont également révisé toutes les versions de cet article tout 
comme Jade Savage et Fanie Pelletier, mes conseillères. Cet article sera soumis à une revue 
avec comité de lecture (Ecological Applications). 
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ABSTRACT 
 
 
Aerial insectivorous bird populations are declining in North America and Europe since a few 
decades. Although many potential causes have been attributed to this decline, several studies 
linked it with agricultural intensification through the increased use of pesticides and loss of 
landscape heterogeneity over large spatial scales. These changes suggested to have led to a 
decrease in insect abundance and diversity, but only a few studies have clearly assessed such 
effects and their impacts on birds. In this study we quantified the effect of agricultural 
landscape composition on the abundance and diversity of potential prey of Tree swallows 
(Tachycineta bicolor) as well as on the diet, and thereby prey selectivity, of this declining 
species. We collected boluses from Tree swallow nestlings in 2011 and 2012, and compared 
their composition with that of spatio-temporally corresponding samples of insect availability 
obtained from window traps on farms along a gradient of agricultural intensification in 
southern Québec, Canada. Dipterans composed most of the Tree swallows’ diet, both in prey 
number and biomass. Prey availability and diet composition were influenced by the proportion 
of intensive cultivated area in a 500 m radius around nests of Tree swallows. Furthermore, 
selectivity of swallows for the different groups of Diptera was influenced by their availability 
in environment and by agricultural intensity. Our results thus support the hypothesis that 
agricultural intensification influences the prey availability and selectivity, and thereby the diet, 
of aerial insectivores. From a global perspective, our study shows one behavioral response of 
an aerial insectivorous bird in decline that faced changes in prey availability caused by 
agricultural intensification. Future work should however assess how changes in foraging 
behaviour and diet composition affect the survival and productivity of these species over large 
spatial scales. 
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INTRODUCTION 
 
 
Anthropogenic environmental changes are a major concern all over the world since they 
impact many taxa. Even if they are beneficial for some species, such as for some agricultural 
pests (Simberloff et al. 2013), for the majority of them, anthropogenic environmental changes 
have disastrous consequences since they occur frequently more rapidly than the capacity of 
species to adapt (Luque et al. 2013). Anthropogenic environmental changes have therefore led 
to the decline of many species all over the world (Cahill et al. 2012). Insectivorous bird 
populations have not been spared. In fact, they have been declining in North America and 
Europe over the last decades (Donald et al., 2001; Freemark & Kirk, 2001). Studies have 
suggested different causes to this decline. Some mentioned a crucial mismatch effects for 
long-distance migrants caused by the increased mistiming with the peak of insects that is 
advancing over the years due to climate warming (Both et al., 2006; Cormont et al., 2011). 
Others reported that the decreased quality of breeding and non-breeding habitats can also 
contribute to their decline (Fuller et al., 1995; Norris et al., 2004). In the same way, the 
increase in predation pressures (Tapper et al., 1996; Bayne & Hobson, 1997; Bohning-Gaese 
et al., 1999; Johnson et al., 2006) that reduces parental activity and provisioning rate (Dunn et 
al., 2010) could also be a cause of the decline of those birds. Finally, many studies over the 
last 50 years agreed on a link between agricultural intensification and the decline of farmland 
insectivorous bird populations (Donald et al., 2001; Freemark & Kirk, 2001). 
 
 
Agricultural intensification 
 
 
Changes in agricultural practices have first been adopted in response to the high demand of a 
growing population increasing over the years (Blaxter & Robertson, 1995; Alexandratos, 
1999). With the mechanization of field work (Binswanger, 1986), the inputs of fertilizers and 
pesticides (Tilman et al., 2002) and the uses of different agricultural techniques such as 
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drainage (Hietala-Koivu, 2004), the production of cultures have increased. Agricultural 
intensification have, thus, also led to an increase loss of forest patches and other natural 
habitats (Gibbons et al., 2008) which have contribute to large-scale habitat homogenization 
(Benton et al., 2003; Brown & Schulte, 2011) resulting of global farmland biodiversity loss 
(Benton et al., 2003; Batáry et al., 2011).  
 
 
Some taxa are strongly impacted by changes in agricultural practices, such as farmland 
insectivorous bird. Studies on insectivorous birds in agricultural habitats have indeed reported 
negative effects of intensification on several important life history traits, including a delay of 
the date of first egg laid (Bradbury et al., 2000), a reduction of brood size and fledging rate 
(Boatman et al., 2004; Ghilain & Bélisle, 2008), and a slower growth rate of nestlings 
(Lamoureux, 2010) compared to nestlings found in natural habitats. The hypotheses put 
forward to explain those effects generally refer to a decrease in insect prey availability and 
diversity in intensively managed farmlands. For instance, there is mounting evidence that the 
intensification of agricultural practices impacts both the availability and diversity of insects. 
For example, studies have reported that insect richness (Schweiger et al., 2005) and abundance 
(Grüebler et al., 2008) decrease with increasing agricultural intensity. Recently, Rioux 
Paquette et al. (2013) reported a decrease of Diptera abundance with increasing amounts of 
intensively managed cultures. Agricultural intensification, through a decreased in insect 
abundance and diversity in intensive managed farms could thus impact the diet and foraging 
behaviors of insectivorous birds. 
 
 
Birds facing agricultural intensification: response through foraging behaviors 
 
 
Effects of agricultural intensification on foraging behaviors of insectivorous birds have been 
reported in many studies. For instance, Girard et al. (2012) showed that Song sparrows 
(Melospiza melodia) foraged in semi-natural habitats (hedgerow, pasture, riparian, etc.) more 
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often than in crop habitats (corn, wheat, soy) as insect availability was higher in those habitats. 
Also, Poulin et al. (2010) showed indirect impacts of a microbial insecticide commonly used 
to control mosquitoes and black flies, Bacillus thuringiensis var. israelensis, serotype H14 
(Bti), on the diet and foraging behaviors of House martins (Delichon urbicum L.). They found 
that foraging rates, clutch size and the number of fledglings were lower in treated sites than in 
controlled sites. They also found a different nestling diet composition between sites. In 
controlled sites, Nematocera (Diptera), Araneae and Odonata were taken more often, and in 
treated sites, Hymenoptera (flying ants) were present in higher proportions. Insectivorous 
birds may thus respond to the variation in arthropods availability (Mineau & Palmer, 2013) in 
attempt to counteract the negative effects of intensification on their food resource. However, 
during foraging trips, there is another behavioral response that is often forgotten but still 
important for a predator: the choice of prey to eat. 
 
 
Prey selection 
 
 
Prey selection is the utilization of a resource disproportionally to its availability. There is 
selection when a resource is used more often than predicted by its availability, and in reverse, 
avoidance (negative selection) occurs when a resource is used less often than predicted by its 
availability (Manly et al., 2002). As the most profitable prey are most likely to be eaten 
considering the abundance and diversity of prey available (Krebs & Davies, 1993), in a 
context of agricultural intensification where prey availability is influenced by agricultural 
practices, prey selection is potentially different between contrasted habitats. Under certain 
conditions, certain types of prey could be eaten in higher proportion than their availability 
(selection) or in lower proportion (avoidance). Prey selection could thus occur in all 
environments, but differently. It is therefore critical to evaluate environmental effects on the 
diet and prey selection of insectivorous birds since the difference in diet composition between 
two contrasted environments could only result from differences in prey availability without 
implying a selection from birds. On the other hand, selection or avoidance of a certain type of 
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prey, under certain conditions, could, for example, aim to counteract the negative effect of 
intensification. 
 
 
Tree swallows’ diet and prey selection 
 
 
The Tree swallow (Tachycineta bicolor) is an aerial insectivorous bird that is declining in the 
North East of North America for the last 25 years and more specifically in Québec where 
populations have been losing approx. 5% of their individuals each year for the last few 
decades (Baeta et al., 2012). The Tree swallow is known to forage in the air column near its 
nest (McCarty & Winkler, 1999). Its diet is influenced by prey availability (Johnson & 
Lombardo, 2000; Mengelkoch et al., 2004) that also influences its foraging behaviors. For 
instance, Mengelkoch et al. (2004) showed an exponential increase in the proportion of 
Odonata found in the Tree swallow’s diet with an increase in open water and cattail marsh 
covers in the landscape. A similar pattern was also observed by Johnson & Lombardo (2000) 
who found that Odonata and Ephemeroptera composed greater portions of Tree swallows’ diet 
in wetlands than in drier habitats.  
 
 
Yet, variation in prey selectivity by Tree swallows has been little studied so far. In fact, only 
McCarty & Winkler (1999) showed changes in prey selectivity in relation to insect size and 
prey type. More specifically, they found selection for insects of large size and avoidance of 
small insects. They also found an increased selectivity toward larger insects with increasing 
insect abundance and with the progression of the breeding season. They also found that 
Odonata and brachycerans Diptera were actively selected and that Nematocera were avoided. 
This avoidance was therefore influenced by the date. However, even if prey selectivity has 
been found, there is still a lack of knowledge on how prey selectivity is affected by changes in 
environmental conditions. 
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Aim of study 
 
 
In this study, we assess the effect of prey availability and agricultural intensification on the 
diet and prey selection of Tree swallows along a gradient of agricultural intensification in 
southern Québec, Canada. Here we specifically assess 1) the diet of Tree swallows; 2) the 
effect of agricultural intensification on the abundance, biomass and diversity of Arthropods in 
the environment and in the diet; 3) the associations between components of agricultural 
landscape and diet composition and insects’ availability; and finally 4) the effect of 
agricultural intensification and prey availability on the selectivity of Tree swallows for four 
mutually exclusive groups of Diptera. 
 
 
METHODS 
 
 
Study area 
 
 
This study was conducted in June and July 2011 and 2012 in southern Québec, Canada. The 
study area covered 10 200 km
2
 within which 400 nest boxes were installed in 2004 on 40 
farms distributed along a gradient of agricultural intensification ranging from extensive 
cultures (pastures, fallows, hayfields etc.) and various vegetables and nectar flowering plants 
(peas, canola, buckwheat, etc.) in the east to more intensively managed cultures (maize, soy, 
cereals) in the west (Figure 2.1). The agricultural intensification gradient also paralleled a 
gradient of forest loss and fragmentation (Bélanger & Grenier, 2002). Within each farm, 10 
nest boxes spaced by 50 m were installed along a 500-m transect following field edges (see 
Ghilain & Bélisle, 2008 for further details). Two passives insect traps were also installed on 
each farm to assess insect availability (see details below).  
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Figure 2.1. Study area located in Southern Québec in Canada. The gradient of agricultural 
intensification is represented by light grey areas (intensively managed cultures), increasing 
from east to west and forest is represented by dark grey areas. Each farm is represented by a 
circled number. Figure taken from Rioux Paquette et al. (2013). 
 
 
Studied species and diet 
 
 
Tree swallows (Tachycineta bicolor) are semi-colonial passerines breeding in the USA and 
Canada and overwintering in the southern USA, Mexico and Central America (Winkler et al., 
2011). They are secondary cavity nesters that breed in open fields like meadows and grassland 
near sources of water and that readily use nest boxes if provided, which allows and facilitates 
population studies (Winkler et al., 2011). Tree swallows predominately eat flying insects that 
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have aquatic or terrestrial larval stages (McCarty, 2002). The most common order found in 
Tree swallows’ diet is Diptera with proportions ranging between 60% and 80% of food items 
(Blancher & McNicol, 1990; McCarty & Winkler, 1991, 1999; Lombardo, 2000; McCarty, 
2002; Johnson & Beck et al., 2013). 
 
 
Insect sampling 
 
 
Tree swallow diet 
 
 
We determined the diet of Tree swallows based on the food that adults brought back to 
nestlings in the form of boluses. Boluses were collected using a ligature method that consisted 
in installing a collar around the neck of each nestling of a brood to prevent them from 
swallowing food. The collar consisted of a folded elastic band, which passed through a 5-mm 
long piece of feeding tube #8 (Smits et al., 2005). Analogous to a bolo tie, the collar was 
adjusted by sliding the piece of feeding tube along the loop formed by the elastic band. This 
method is frequently used to assess the diet of insectivorous birds because insects in boluses 
are not yet digested, making insect identification easier and less biased (McCarty & Winkler, 
1991; Johnson & Lombardo, 2000; Smits et al., 2005). We fitted collars to nestlings for two 
consecutive 30-min periods, after which boluses were removed, on each sampling occasion. 
Boluses were then individually stored in 75% ethanol. We noted for each sampling period, the 
start time as well as the temperature (± 0.1 °C) and wind speed (± 0.1 km/h; using a Kestrel 
2000 Pocket Weather Meter, Nielsen-Kellerman, USA) until the data stabilizes (~ 2 min). We 
sampled boluses from 4 broods per farm whenever possible (percentage of broods 
manipulated: 4 broods per farm = 93.65%, 3 broods = 1.75% and 2 broods = 4.59%). Two of 
the four broods were sampled when nestlings were 6 and 10 days old and the two others, when 
nestlings were 8 and 12 days old, to cover the period where growth rate is higher (McCarty, 
2001). Broods were chosen randomly within a farm from early June to mid-July. A total of 
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242 broods were sampled. We found no differences in fledging probabilities between nestlings 
being manipulated or not (estimate ± SD, -0.024 ± 0.23, P = 0.91). 
 
 
Insect availability 
 
 
We assessed the availability of insects on each farm from the content of two passive traps that 
consisted of 4-L yellow buckets (diameter = 21 cm) containing about 2 L of saturated-salt 
water with detergent in order to reduce surface tension and to break and slow down bacterial 
and fungal growth. Above the bucket, 2 perpendicular transparent plastic plates (20 cm wide x 
30 cm high) were attached at their center to intercept flying insects from all directions. Even if 
passive open trap contents may not reflect the real composition of aerial arthropods found in 
the surrounding environment, they still provide a good proxy of the relative abundance of 
aerial arthropods available to swallows because it reflects their prey density and activity (Hoye 
& Forchhammer, 2008). Traps were installed 1.5 m above ground at the first and second third 
of the 500-m nest box transects. We collected the content of each trap every second day when 
monitoring the breeding activities of Tree swallows so that samples of insects corresponds to 
the insects’ availability of the two previous days. Due to field constraints, we considered that 
the trap content of the two previous days was a better proxy of prey availability during boluses 
sampling than the trap content of the following two days because it included the actual prey 
availability when boluses were obtained. To keep processing time within reasonable limits, we 
subsequently subsampled randomly one trap out of two for each sampling occasion to assess 
insect availability on farms where a minimum of one bolus was collected from nestlings for a 
total of 151 traps. See Rioux Paquette (2013) for information on Diptera availability in this 
study system. 
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Insect identification 
 
 
We counted and identified insects from traps and boluses to the order following Borror & 
White (1991). However, we merged Homoptera into Hemiptera as suggested by recent studies 
(Song et al., 2012; Von Dohlen & Moran, 1995). Because of Diptera’s wide diversity in 
morphology and flying capacity, as well as preponderance in the diet of Tree swallows, we 
pushed the identification of this group further following Courtney et al. (2009). We identified 
four mutually exclusive groups of Diptera that share similar traits: 1) Nematocera; 2) non-
Schizophora; 3) Acalyptratae; and finally 4) Calyptratae (see Table 2.1). An overview of those 
taxa follows, following Courtney et al. (2009). All arthropods were then dried at 50°C, during 
24 h and weighed (± 0.0001 g). We excluded monarch butterflies (Danaus plexippus) and 
Canadian tiger swallowtails (Papilio canadensis; Lepidoptera), cockchafers (Phyllophaga 
spp.; Coleoptera) and bumblebees (Bombus spp.; Hymenoptera) from counts, weights, and 
further analyses because they were never found nor reported to be eaten by Tree swallows, 
likely because of their large size or unpalatability. 
 
 
Overview of fly taxa identified 
 
 
Acalyptratae 
 
 
Acalyptratae (non-Calyptratae Muscomorpha) is a paraphyletic group that is mostly composed 
of small flies. In this taxon, some phytophageous families include important agricultural pests: 
Tephritidae (Mediterranean fruit fly, Ceratitis capitata), Psilidae (carrot rust fly, Chamaepsila 
hennigi;), some members of Chloropidae (Frit fly, Oscinella frit) and Agromyzidae, also 
known as “leaf miners” (Serpentine leafminer, Liriomyza brassicae). Other families are 
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parasitoids of Hymenoptera, Orthoptera or internal parasitoids of scarab beetles. All members 
of the Drosophilidae are also included in Acalyptratae (e.g. Drosophila melanogaster). 
 
 
Table 2.1. Identification of the four subgroups of Diptera used in statistical analyses and their 
composition based on Courtney et al. (2009). Some examples of species in different families 
within a taxa are provided.  
Taxa Composition of taxon based on 
Courtney et al. (2009) 
Examples of species common 
name (Family) 
Acalyptratae Non-Calyptratae Muscomorpha Fruit flies (Tephritidae and 
Drosophilidae) 
Leaf miners (Agromyzidae) 
Calyptratae Calyptratae Muscomorpha Housefly (Muscidae) 
Seed corn maggot (Anthomyiidae) 
Nematocera Lower Diptera (Non-
Brachycera) 
Crane fly (Tipulidae) 
Mosquitos (Cucilidae) 
Black fly (Simulidae) 
Non-Schizophora Lower Brachycera +  
Empidoidea +  
lower Cyclorrhapha 
Deer fly (Tabanidae) 
Balloon fly (Empididae) 
Hoverflies (Syrphidae) 
 
 
Calyptratae 
 
 
Most of Calyptratae are robust and strong flies such as the common housefly (Musca 
domestica). Many species live in decaying plants, organic debris, nest or dens of birds, 
mammals or insects, nears ponds, etc. Some of them use large mammals as food resources 
(suck their blood, eat their dung or are true endoparasites). Some are, therefore, carriers of 
some animal disease (bacteria, viruses, parasites, etc.). Some families are also associated with 
intensive cultures and are agricultural pest such as the family Anthomyiidae (e.g. Seed corn 
maggot, Delia Platura). 
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Nematocera 
 
 
Even if Nematocera is considered as a paraphyletic group, members of this group shared some 
features. The majority of them are slender and delicate flies with long appendices and with 
multi-segmented antennae. Most of them have aquatic or semi-aquatic larval and pupal stages. 
Their larvae consume live or decomposing plants or feed on decaying matter. They usually 
form dense swarms during reproductive events. One family of this group is a major 
agricultural pest: the gall midges (Cecidomyidae). 
 
 
Non-Schizophora 
 
 
Of all fly taxa we identified (see Table 2.1), non-Schizophora is certainly the most diverse one 
in terms of larval and adult feeding types, habitat use, and mating behaviors. This diversity in 
ecological traits is a result of the inclusion of three categories sharing similar traits: 1) the 
lower Brachycera; 2) the Empidoidea; and 3) the lower Cyclorrhapha. The lower Brachycera 
is a paraphyletic group also known as Orthorrhapha. Their larvae are mostly predators or 
parasitoids of spiders or other insects, and could be aquatic or terrestrial. They are associated 
with decaying matter, swampy biotopes, ponds or lakes. Adults mostly feed on blood, are 
predators or flower visitors. The Empidoidea are, for the most of them, predators as adults but 
some are flower visitors and their larvae mostly prey upon invertebrates. They are therefore 
generally associated with forested and open areas. Cyclorrhapa form another paraphyletic 
group and are found in almost all terrestrial environments as their larvae are saprohagous, 
entomophagous, mycophageous or microphageous. Adults are found in many habitats such as 
forest, decaying vegetation, meadow, and include some important pollinators. As for 
Nematocera, some families of this taxon also form swarms. 
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Landscape characterization 
 
 
We characterized habitat composition within a 500-m radius around each nest box from which 
at least one bolus was obtained from nestlings. We first performed this landscape 
characterization visually in the field to properly identify each cultivated land parcel. We used 
aerial photographs to obtained field delimitations which were confirmed visually in the field 
as well (1:40 000 Ministère des resources naturelles et de la faune, 2000). Agricultural 
landscapes consisted of anthropogenic structures (buildings and roads), natural habitats (water 
bodies, forest), extensive cultures (hayfields, pastures, and fallows), and intensives cultures 
such as maize, soy, cereals (oats, wheat, millet, barley, and rye), various vegetables, nectar 
flowering plants including peas, canola, flax, buckwheat, and sunflower and organic crops (on 
two farms only and proportion < 10%). We then determined the relative cover of each habitat 
mentioned above using ArcGIS 9.3 (ESRI 2008). We consider that a 500-m radius 
corresponds to the average distance at which Tree swallows forage around their nest box in 
our study system. This estimate conservatively includes foraging radii that have been found in 
previous studies (Quinney & Ankney, 1985; McCarty & Winkler, 1999; Mengelkoch et al., 
2004) and allows comparisons with previous studies conducted in our system (see Rioux 
Paquette et al., 2013). 
 
 
Statistical analyses 
 
 
We performed all statistical analyses using the R statistical software (R Development Core 
team 2013, version 3.0). Significance of inferential tests was determined using an alpha level 
of 0.05. 
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Overall prey selection by Tree swallows 
 
 
We first compared the overall proportions of arthropods from different taxa collected (and 
identified) in traps and in boluses using a Pearson’s chi-square test. We restricted this analysis 
to arthropods which body size allowed consumption by swallows (see above). These groups 
included Nematocera, non-Schizophora, Acalyptratae, Calyptratae, Lepidoptera, Coleoptera, 
Hemiptera, Hymenoptera, the combination of Neuroptera and Mecoptera, and aerial plankton 
(Psocoptera, Thysanoptera, Collembola, Araneae and Acari). We merge some taxa together in 
respect with their biology (aquatic larvae, aerial plankton) because their too low abundance in 
boluses and traps did not allowed us to performed the Pearson’s chi-square test. Also, we have 
to exclude some taxa. Ephemeroptera, Plecoptera, Odonata, and Trichoptera were excluded of 
this analysis because our traps were not adequate for their capture and abundance estimates for 
those orders were likely to be biased. Phthiraptera were also excluded because they are not 
normally found in the air column (not a flying insect). They could occur accidently in boluses 
only because they are parasitic insects of birds (Clayton & Drown, 2001). Then, to identify 
groups that showed a greater or lower representation in the swallows’ diet compared to the 
environment, we performed Fisher exact tests contrasting the proportion found in boluses and 
in traps for all groups, individually, (no merging, no exclusions) and applied a Bonferroni 
correction for multiple comparisons. 
 
 
Effect of intensification and time on arthropod abundance, biomass and diversity in traps 
 
 
We first modeled the total abundance and biomass of all arthropods of size for consumption 
found in traps (only monarch butterflies, Canadian tiger swallowtails, cockchafers and 
bumblebees were excluded of this analysis), and assessed if it varied during the sampling 
period and as a function of total cultivated area, except extensive cultures (see Rioux Paquette 
et al., 2013), using a linear mixed model. Specifically, we regressed the abundance and the 
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log-transformed biomass of all arthropods in traps against the Julian day and its second order 
term, the total cultivated area within 500-m of all nest boxes within a farm, and the two-way 
interactions between date variables and total cultivated area. We controlled for repeated 
measures within farms in a given year by including farm identity as a random effect. The same 
explanatory variables were then used to model the diversity of arthropods found in traps. We 
used Simpson’s diversity index (Equation 2.1) to estimate arthropods diversity. It was 
calculated for each trap and included each group of arthropods used when comparing the diet 
of Tree swallows to what was available in the environment (see Overall prey selection by Tree 
swallows). The Simpson’s diversity index gives the probability that two arthropods chosen 
randomly in a trap belong to the same taxon, whereas subtracting Simpson’s index from 1 
gives the probability that those two arthropods belong to different classifications (Nagendra, 
2002).  
 
            
 
 
 
   
                                                                                                                     
 
 
Effect of intensification and time on abundance and biomass of the main arthropods in Tree 
swallows’ diet, within traps and boluses 
 
 
We then further assessed the effects of sampling time and the environment on the abundance 
and biomass of the main groups of arthropods found in traps and boluses. To do so, we used 
two sets of linear mixed models in which the abundance and biomass of Diptera (not 
subdivided into 4 groups; 489 boluses, 151 traps), Coleoptera (489 boluses, 151 traps), 
Hemiptera (489 boluses, 151 traps) and Ephemeroptera (488 boluses, 2 traps) were modeled. 
These four orders were used because they represented most of the Tree swallows’ diet (67.1%, 
3.2%, 5.7%, and 19.3% of prey items, respectively). Since only few Ephemeroptera were 
collected in traps, we only modeled their abundance and biomass in boluses. Explanatory 
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variables included the Julian day and its second order term, the proportion of cultivated areas 
within a 500-m radius around nest boxes for boluses, and the mean proportion of cultivated 
area in a radius of 500-m around all nest boxes within a farm for traps, and finally the two-
way interactions between date variables and total cultivated area. Farm identity was used as a 
random effect in all models. Model selection was performed using a backward variable 
selection procedure, sequentially removing the least significant term from the model, starting 
with interactions. 
 
 
Agricultural landscape and insect composition in traps and in boluses  
 
 
We described the association between the habitat composition of agricultural landscapes of 
our study area and the orders of insects and subgroups of flies found respectively in traps and 
in boluses using a redundancy analysis (RDA) computed with the rda function of the vegan 
package (version 2.0-8). For both RDAs, response variables consisted in the proportions of 
Nematocera (N; Diptera), non-Schizophora (NS; Diptera), Calyptratae (Ca; Diptera), 
Acalyptratae (Ac; Diptera), Coleoptera (Co), Hemiptera (He), Lepidoptera (Le) and 
Hymenoptera (Hym). The proportions of Trichoptera (Tr) and Ephemeroptera (Eph) were also 
included in the matrix of response variables for RDA on boluses, but excluded of the RDA on 
traps because their estimates are likely to be biased, as mentioned earlier. Only insect groups 
showing a minimal abundance of 40 individuals in both traps and boluses were included and 
we applied a Hellinger transformation at response matrices (Legendre & Gallagher, 2001). For 
boluses, explanatory variables included the proportions of maize, soy, cereals (oat, wheat, 
millet, barley and rye), vegetables (vegetables, sunflower, flax, canola, peas and organic 
cultures), fallows, pastures, and forest within a 500-m radius around nest boxes. For traps, we 
used the mean proportions of the above habitat categories found within 500-m of each nest 
box of a farm. We assessed if explanatory variables (the constrained axes) of the RDA 
explained a significant proportion of variance with permutation tests (N = 999) in the form of 
an ANOVA using the anova.cca function of the vegan package. 
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Determinants of Diptera selection 
 
 
We restricted our prey selection analysis to Diptera because they represented 67% of the total 
abundance of the Tree swallows’ diet in our system (N = 485 boluses). We thus modeled the 
proportion of the four different subgroups of Diptera found in boluses (Table 2.1) using 
generalized linear mixed models with a logit link function and a binomial error distribution 
using in the lmer() function of the lme4 package (version 0.999999-2). We included the IDs of 
bolus and insect trap at a specific date as random effects to take the hierarchical sampling 
structure into account. We built a series of candidate models using different combinations of 
explanatory variables (Table 2.2). Although composed of different combinations of 
explanatory variables, almost all models were built on the same basic frame shown in Table 
2.3 whereby different groups of variables were added and all models represent different 
biological hypotheses (Table 2.4). Models were compared using Akaike weights based on 
AICc via the aictab function of the AICcmodavg package (version 1.29). Multi-model 
inference was conducted with the modavg function of the same package following Burnham & 
Anderson (2002). 
 
 
RESULTS 
 
 
Diet of Tree swallows and overall prey selection 
 
 
A total of 914 boluses, 505 boluses in 2011 and 409 in 2012 were collected. Due to time 
constraints, only a sub-sample of 489 boluses was analyzed (including 450 from 2011 and 39 
from 2012) with their corresponding samples from traps (N = 151, including 117 from 2011 
and 34 from 2012). A total of 12,347 and 13,703 insects were identified from boluses and 
traps, respectively (see Table 2.10 in Appendix 2.2). 
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Table 2.2. Explanatory variables used in candidate models that modeled the proportion of the four subgroups of Diptera found 
in boluses and the justification of their choice. Variables abbreviations are also presented. 
Explanatory variables (units if required) Abbreviation Justification 
The four groups of Diptera: Nematocera, non-
Schizophora, Calyptratae and Acalyptratae. 
― Subgroups of Diptera are consumed at a different level (Mengelkoch et al., 2004). 
Proportion available of the subgroups of 
Diptera in a trap, linearly transformed 
Prop.avail† The proportion of a resource used is influenced by its availability in environment 
(Mysterud & Ims, 1998) – Selection response 
Relative abundance of the subgroups of Diptera 
available in a trap 
Rel.abun The proportion of a resource used depend on its availability in environment (Godvik 
et al., 2009) – Functional response 
Number of nestlings days corresponding at the 
sampling period (nestling days) 
Nestl.days Brood size increases nestlings’ demands for insectivorous bird (Grundel & Dahlsten, 
1991; Burness et al., 2000) – cumulative index that considered the dead nestlings 
Age of the nestlings corresponding at the 
sampling period (days old) 
Age.nestl Composition of diet of insectivorous birds change with nestlings’ age (Grundel & 
Dahlsten, 1991; Mitrus et al., 2010) 
Starting time of the sampling period Hour Composition of insectivorous birds’ diet change within a day (Grundel & Dahlsten, 
1991) 
Air temperature of the sampling period (°C) Temp Temperature influences bird’s foraging behaviors (Evans et al., 2003), the abundance 
of Diptera in our system (Rioux Paquette et al., 2013) and insects activities 
(Mellanby, 1939; Taylor, 1963; Kingsolver, 1989; Lehmann, 1999) 
Proportion of cultivated areas, excluding 
extensive cultures, within a 500-m radius 
around nest boxes (m
2
) 
CultAreaNest Cultivated field has lower insect abundance (Rioux Paquette et al., 2013) and 
diversity (Hendrickx et al., 2007) 
Julian day corresponding at the sampling period JDay Insects’ abundance changed during summer (McCarty & Winkler, 1999; Rioux 
Paquette et al., 2013) as well as the diet composition of insectivorous birds (Grundel 
& Dahlsten, 1991) 
Index of female condition assess with a path 
analysis (see Figures 2.11 & 2.12 in Appendix 
2.1) 
Fem.cond Female condition’s influences its foraging behaviors (Winkler & Allen, 1995) 
Number of nestlings hatched Nb.nestl.hatch Nestlings’ demands increases with brood size in Tree swallows (Burness et al., 2000) 
Hatching day of nestlings (Julian day) Hatch.date Timing of reproduction influences nestling survivals rate (Ghilain & Bélisle, 2008) 
and female in better condition tend to hatch earlier (Winkler & Allen, 1995) 
† Variable linearly transformed (prop.avail = log[proportion available in traps/(1 ‒ proportion available in traps)]), see Mysterud & Ims (1998) for details.
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Table 2.3. Basic structure for some of the candidate models modelling the proportion of 
the four subgroups of Diptera found in boluses Explanatory variables and the justification 
of their inclusion are presented. There is as much interaction with variables from 
hypothesis
†
 as there are different variables in a candidate model (Table 2.4). 
Variables in models Justification 
Explanatory variables  
group To assess if a subgroup is more abundant 
in diet than others 
prop.avail To assess if there is prey selection (β > 1), 
avoidance (β < 1) or if subgroups of 
Diptera are consumed proportional to its 
availability (β = 0). 
rel.abund To assess if prop.use is influenced by its 
abundance 
group * prop.avail To assess if there is selection and for 
which subgroup of Diptera 
group * rel.abund To assess if prop.use is influenced by its 
relative abundance in traps 
group * variables from hypothesis
†
 To assess if prop.use is influenced by 
other variables 
prop.avail * variables from hypothesis
†
 To assess if selection of Diptera is 
influenced by other variables 
group * prop.avail * rel.abund To assess if selection for a subgroup is 
influenced by its relative abundance 
group * prop.avail * variables from 
hypothesis
†
 
To assess if selection for a subgroup is 
influenced by other variables 
Random effects 
Identification of the bolus (IdBolus) and  
insect trap (IdTrap) 
To control for pseudoreplication that 
occurs within a bolus (max. of 4 groups 
of Diptera / bolus) and for the insect trap 
(mean of 3.2 boluses collected for one 
trap, max of 19 boluses) 
†
 See Table 2.2 for the hypotheses considered. 
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Table 2.4. Series of candidate models representing different biological hypotheses with their respective explanatory variables. 
Response variable is the proportion of the four subgroups of Diptera in a bolus. Basic structure is presented in Table 2.3. where 
variables from hypothesis
 
are the one in parentheses in this table. Model abbreviations are also presented. 
Models in competition 
(hypotheses) 
Model 
abbreviation 
Variables included in model 
(variables to add to the basic 
structure) 
Biological hypothesis 
Null Null No variables Prey selection is not influenced by any of the explanatory 
variables suggested. 
Null + random effect NRand Random effects
†
 only The proportion of the four subgroups of Diptera within a bolus 
is not independent from the other (IdBolus) and insect traps 
sampled from a same farm are more likely to be similar than 
those from other farms (IdTrap). 
Selection  Sel Group + prop.avail + rel.abund + 
Random effects
† 
+ group * prop.avail + 
Group * avail * rel.abund  
Selection of the four subgroups of Diptera is influenced by their 
availability in traps only. 
Selection – Functional 
response 
Sel-FR Basic structure 
 
Foraging behaviors are influenced by relative availability and 
abundance of insects (Evans et al., 2007). 
Nestlings energetic 
demands  
NestlDem Basic structure (Nestl.days, Age.nestl) Foraging behaviors are influenced by brood energetic demands 
(McCarty & Winkler, 1999; Garcia-Navas & Sanz, 2010). 
 
Punctual environment PunctEnv Basic structure (Temp, Hour) Foraging behaviors are influenced by insects’ availability in 
environment at a small scale (Turner, 1980; Evans et al., 2003). 
Availability of prey in 
environment 
PreyAv Basic structure (Cult.area, JDay) Foraging behaviors are influenced by agricultural intensity 
trough prey availability (Evans et al., 2007). 
Female morphological 
condition 
FemC Basic structure (Fem.cond) Tree swallows female’s condition influences its foraging 
efficiency (Nooker et al., 2005). 
Brood condition Brood Basic structure (Nb.nestl.hatch, 
Hatch.date) 
Foraging behaviors are influenced by the timing of reproduction 
and brood size (Leonard & Horn, 1996). 
Environment Env Basic structure (CultAreaNest, JDay, 
Temp, Hour) 
Foraging behaviors are influenced by the environment at a 
global scale, considering short and long period of time. 
†
Random effects are presented in Table 2.3.
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The arthropod composition of boluses was different from that of traps (χ2 = 6183, df = 9, P < 
0.001). This difference was associated to various groups (Figure 2.2). Although the proportion 
of Diptera (main prey) found in boluses was similar to that in traps, three of the four fly 
subgroups differed greatly: Nematocera (boluses vs. traps = 0.155 vs. 0.306, odds ratio = 0.51, 
Fisher’s exact test, P < 0.001), non-Schizophora (0.158 vs. 0.059, odds ratio = 2.66, P < 0.001) 
and Calyptratae (0.139 vs. 0.083, odds ratio = 1.67, P < 0.001). We found no difference for 
Acalyptratae (0.219 vs. 0.216, odds ratio = 0.51, P = 0.64). 
 
 
Effect of intensification and time on arthropod abundance, biomass and diversity in 
traps 
 
 
The temporal pattern in total abundance of arthropods found in traps varied with the mean 
proportion of cultivated areas (extensive cultures excluded) within 500 m of all nest boxes on 
a farm (CultAreaTrap) (Table 2.5). Although arthropods’ abundance was higher in landscapes 
entirely covered by intensive cultures early in the season, it increased and reached a small 
peak as early as mid-June at Julian day 168 (JDay 168) before decreasing strongly until early 
July (JDay 185) (Figure 2.3). In contrast, arthropod abundance increased at an increasing rate 
throughout much of the sampling period in extensive cultures, leading to the greatest 
abundances across landscapes by early July (Figure 2.3). Comparatively, landscapes with 
about 50% of cultivated area only showed a slight increase in arthropod abundance throughout 
the sampling season (Figure 2.3). 
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Figure 2.2. Proportions of arthropods which size allowed consumption in Tree swallows’ boluses brought back to nestlings and 
in traps, based on all samples collected and analyzed from 2011 and 2012 (see Table 2.10 in Appendix 2.2 for details). 
Monarch butterflies (Danaus plexippus), Canadian tiger swallowtails (Papilio canadensis; Lepidoptera), cockchafers 
(Phyllophaga spp.; Coleoptera) and bumblebees (Bombus spp.; Hymenoptera) are excluded. Due to their very low abundance 
and occurrence, Phthiraptera, Neuroptera and Mecoptera are not presented. Groups for which a significant difference between 
the proportions of individuals in boluses and in traps was found are indicated by asterisks.
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Table 2.5. Final linear mixed models computed on the abundance of all arthropods in traps (N 
= 151, df = 110) sampled along the gradient of agricultural intensification, in Southern 
Québec, Canada, in 2011 and 2012. Only significant variables are shown with their respective 
effect size and standard error (SE).  
Variables Effect size SE t P 
Intercept 
CultAreaTrap 
JDay
1 
JDay
2 
CultAreaTrap * JDay
1
 
CultAreaTrap * JDay
2
 
78.17 
36.53 
327.28 
162.88 
-543.09 
-412.98 
10.91 
19.94 
98.44 
94.63 
181.37 
194.37 
7.17 
1.83 
3.32 
1.72 
2.99 
2.12 
< 0.001 
0.070 
0.001 
0.088 
0.003 
0.036 
 
 
Although the abundance of arthropods in traps was positively correlated to their biomass (log-
transformed; r = 0.58, P < 0.001), the latter did not vary during the sampling season nor with 
the mean proportion of cultivated areas within 500 m of all nest boxes on a farm (all P > 0.07; 
Table 2.5, Figure 2.3). Arthropod diversity also did not vary through time or with culture 
cover (all P > 0.26). Nevertheless, the Simpson’s diversity index for traps averaged 0.757 (SD 
= 0.081), meaning that trap contents constantly showed a high diversity of Arthropods across 
landscapes. Lastly, no time or landscape variables were found to affect the overall abundance 
or biomass of arthropods in boluses (all P > 0.39).  
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Figure 2.3. Predictions of the abundance of all arthropods in traps throughout the sampling 
period, in 2011 and 2012, in Southern Québec, Canada, for different proportions of cultivated 
areas, extensive cultures excluded (Table 2.5). The solid line represents landscape with 0% 
cultivated areas, the dashed line and dotted line represent respectively landscape 50% and 
100% cultivated. Biomass, which was not influenced by agricultural intensification, is 
represented by the opened circle line. 
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Effect of intensification and time on abundance and biomass of the main arthropods in 
Tree swallows’ diet, within traps and boluses 
 
 
Pattern within traps 
 
 
Not all insect groups showed similar temporal patterns in abundance or biomass or were 
affected in the same way by agricultural intensification. For instance, Diptera abundance in 
traps varied in time and across landscapes in the same way as described for all arthropods 
(Table 2.6, Figure 2.4). On the other hand, Diptera biomass increased linearly during the 
sampling period but was not affected by the mean proportion of cultivated areas within 500 m 
of all nest boxes on a farm (CultAreaTrap) (Table 2.6, Figure 2.4). For Coleoptera abundance, 
it only showed a decreasing yet marginally non-significant effect of Julian day (Table 2.6). In 
contrast, Hemiptera abundance increased linearly during the sampling period (Table 2.6). 
Regarding biomass, we found no significant effect of time or landscape variables for both 
Coleoptera (all P > 0.16) and Hemiptera (all P > 0.08). 
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Table 2.6. Final models computed on the abundance and biomass of Diptera, Coleoptera and 
Hemiptera in traps and Diptera, Coleoptera, Hemiptera and Ephemeroptera in boluses with 
their respective significant (or marginally significant) variables, effect size, standard error, t-
value and P-value. Biomass is measured in milligrams. 
Orders (Obs, df) Variables Effect SE t P 
ABUNDANCE 
     
Traps      
Diptera (151, 110) Intercept  
CultAreaTrap 
JDay
1
  
JDay
2
  
CultAreaTrap * JDay
1
  
CultAreaTrap * JDay
2
  
51.48 
24.76 
277.92 
139.77 
-443.65 
-335.64 
8.10 
14.80 
74.19 
71.31 
136.71 
146.57 
6.36 
1.67 
3.75 
1.96 
3.25 
2.29 
< 0.001 
0.097 
< 0.001 
0.053 
0.002 
0.024 
Coleoptera (151, 114) Intercept  
JDay 
76.09 
-0.36 
32.02 
0.19 
2.38 
1.94 
0.019 
0.055 
Hemiptera (151, 114) Intercept  
JDay 
-23.17 
0.16 
9.82 
0.06 
2.36 
2.86 
0.020 
0.005 
Boluses       
Diptera (489, 448) Intercept  
CultAreaNest 
JDay
1
 
JDay
2
  
CultAreaNest *J Day
1
  
CultAreaNest * JDay
2
  
14.21 
5.79 
21.42 
97.05 
-28.07 
-137.63 
2.15 
4.06 
35.39 
35.85 
67.73 
67.26 
6.59 
1.43 
0.61 
2.71 
0.41 
2.05 
< 0.001 
0.154 
0.545 
0.007 
0.679 
0.041 
Coleoptera (489, 453) Intercept  
Year2012 
JDay 
-6.68 
0.69 
0.04 
2.91 
0.29 
0.02 
2.30 
2.34 
2.54 
0.022 
0.020 
0.012 
Hemiptera (489, 453) Intercept  1.52 0.24 6.30 < 0.001 
Ephemeroptera (488, 451) Intercept 
CultAreaNest  
7.02 
-7.28 
1.87 
3.46 
3.75 
2.10 
< 0.001 
0.036 
 
     
  
 
42 
 
Orders (Obs, df) Variables Effect SE t P 
 
BIOMASS (MG) 
     
Traps      
Diptera (151, 114) Intercept  
JDay 
-115.21 
0.84 
66.00 
0.39 
1.75 
2.17 
0.084 
0.032 
Coleoptera (151, 115) Intercept  28.35 3.86 7.91 < 0.001 
Hemiptera (151, 114) Intercept  10.36 1.66 6.24 < 0.001 
Boluses       
Diptera (488
†
, 447) Intercept  
CultAreaNest 
JDay
1
  
JDay
2
  
CultAreaNest * JDay
1
  
CultAreaNest * JDay
2
  
20.21 
9.58 
34.78 
71.72 
20.66 
-138.64 
2.55 
4.75 
35.24 
35.31 
68.45 
66.68 
7.93 
2.02 
0.99 
2.03 
0.30 
2.08 
< 0.001 
0.044 
0.324 
0.043 
0.763 
0.038 
Coleoptera (489, 453) Intercept  1.01 0.19 5.44 < 0.001 
Hemiptera (488
†
, 452) Intercept  0.99 0.14 7.13 < 0.001 
Ephemeroptera (488, 451) Intercept  
CultAreaNest 
JDay
1
  
JDay
2
  
CultAreaNest * JDay
1
 
CultAreaNest * JDay
2
 
7.25 
-7.47 
19.01 
-67.60 
-78.17 
157.30 
1.90 
3.50 
23.35 
23.31 
45.64 
44.12 
3.82 
2.13 
0.81 
2.90 
1.71 
3.57 
< 0.001 
0.033 
0.416 
0.004 
0.088 
< 0.001 
 One outlier bolus was removed from analysis (bolus of abundance of 511 Ephemeroptera, the mean abundance 
of Ephemeroptera in bolus = 3.84) 
†
  Mass missing for one Diptera in a bolus, the bolus associated with was removed. 
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Figure 2.4. Predictions of Diptera abundance in traps throughout the sampling period for 
different proportions of cultivated areas, extensive cultures excluded (Table 2.6; solid line = 
0% cultivated, dashed line = 50% cultivated and dotted line = 100% cultivated). Biomass, 
which was not influenced by agricultural intensification, is represented by the opened circle 
line. 
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Pattern within boluses 
 
 
The abundance and biomass of Diptera in boluses showed similar temporal trends that 
depended upon the proportion of cultivated area within 500 m of nest boxes (CultAreaNest) 
(Table 2.6, Figure 2.5). In non cultivated landscapes, the abundance and biomass of Diptera 
followed a positive quadratic curve and, as the landscapes became more intensively cultivated, 
the quadratic relationship turned negative. In early (JDay 158-163) and late June (JDay 180-
185) the abundance and biomass of Diptera was higher in landscapes without cultures but the 
pattern reversed in mid-June (JDay 170-175) when the abundance of Diptera peaked in highly 
cultivated landscapes (100% cultivated).  
 
 
Ephemeroptera abundance varied differently as it did not change through time but decreased 
with the amount of intensive cultures in landscapes (Table 2.6, Figure 2.5). However, the 
biomass of Ephemeroptera showed the opposite patterns than that of Diptera biomass (Table 
2.6, Figure 2.5). While Ephemeroptera biomass was higher in intensively cultivated 
landscapes in early June, it rapidly decreased until mid-June when Ephemeroptera biomass 
peaked in landscapes without cultures. Regarding Coleoptera abundance, it increased during 
the sampling period but was not affected by the amount of intensive cultures in landscapes 
(Table 2.6). Hemiptera abundance, however, remained constant through time and did not vary 
across landscapes (all P > 0.53) as for Coleoptera (all P > 0.07) and Hemiptera biomass (all P 
> 0.59). 
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Figure 2.5. Predictions of Diptera (a, b) and Ephemeroptera (c, d) abundance (a, c) and 
biomass (b, d) in boluses sampled along a gradient of agricultural intensification in Southern 
Québec, Canada, at different proportion of cultivated area in 500-m radius of nest box, 
extensive cultures excluded (Table 2.6; solid lines = 0% cultivated, dashed lines = 50% 
cultivated and dotted lines = 100% cultivated). 
 
 
 
 
 
a) b) 
c) d) 
a) b) 
c) d) 
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Agricultural landscape and insect composition in traps and in boluses  
 
 
Pattern within traps 
 
 
The habitat composition of agricultural landscapes explained 16.41% of the variation in insect 
composition within traps (F7,143 = 4.01, P = 0.005). The first RDA axis, which explained 
8.70% of the variation in insect composition, was mainly associated with the proportion of 
forest and fallows on one side and with the proportion of maize and soy on the opposite side of 
the axis (Table 2.7, Figure 2.6). The first RDA axis thus represented a gradient from natural 
habitats (negative scores) to intensively managed cultures (positive scores). Insect groups 
associated with this gradient (score > 0.25) included non-Schizophora, which were associated 
with forests and fallows, and Acalyptratae, which were mostly found in landscapes covered by 
maize and soy (Table 2.7, Figure 2.6). No other insects group showed a strong association 
with the first RDA (Table 2.7). The second RDA axis, which explained 4.20% of the variation 
in insect composition, was strongly driven by the proportion of cereals and vegetables on one 
side and of fallows and pastures on the other side (Table 2.7, Figure 2.6). This second RDA 
axis thus represented a gradient from intensive food production to extensive livestock 
production. No insect groups were highly correlated with this axis (all species scores < 0.25; 
Table 2.7). 
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Table 2.7. Taxa and constraints variables scores for RDAs on the proportion of insects in 
boluses and in traps. Bold characters represents scores above 0.25. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Boluses  Traps 
 Axe1 Axe2  Axe1 Axe2 
Taxa score      
Nematocera -0.124 -0.008  0.077 0.286 
Non-Schizophora 0.500 -0.261  -0.380 0.104 
Acalyptratae -0.416 0.021  0.393 -0.040 
Calyptratae -0.363 -0.223  0.211 -0.107 
Lepidoptera 0.024 0.022  -0.069 -0.033 
Coleoptera -0.110 0.103  -0.185 -0.213 
Hemiptera -0.018 -0.025  -0.076 -0.190 
Hymenoptera -0.011 0.113  -0.008 0.039 
Trichoptera 0.048 -0.042  NA NA 
Ephemeroptera 0.197 0.360  NA NA 
Constraint variables scores 
     
Forest 0.299 0.674  -0.896 -0.215 
Fallow 0.483 0.259  -0.326 0.579 
Pasture 0.202 0.520  -0.089 0.507 
Maize -0.516 -0.527  0.594 -0.145 
Soy 0.004 -0.589  0.646 -0.249 
Cereals -0.213 -0.059  0.184 -0.674 
Vegetables 0.090 -0.298  -0.113 -0.272 
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Figure 2.6. Correlation triplot (scaling = 2) of redundancy analyses (RDA) on the proportion 
of different insects in traps (N = 151) along a gradient of agricultural intensification in 
Southern Québec, Canada (see Table 2.7 for species and constraint scores and Methods for 
taxa abbreviations). Taxa are represented by little diamond (). Blue arrows represent the 
mean proportion cover of component of agricultural landscape in a 500-m radius around all 
nest boxes within a farm. Axis 1 explained 53.0% of the variation in insect composition, and 
Axis 2, 25.6%.  
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Pattern within boluses 
 
 
The habitat composition of agricultural landscapes explained 7.58% of the variation in insect 
composition of boluses (F7,477 = 5.59, P = 0.005). The first RDA axis, which explained 4.14% 
of the insect composition, was driven by the proportion of maize on one side and by the 
proportion of fallows and forest on the other side (Table 2.7, Figure 2.7). The second RDA 
axis, which explained 1.82% of the insect composition, was on the other hand driven by the 
proportion of forest, pastures and fallows on one side and by maize, soy and vegetables on the 
other side (Table 2.7, Figure 2.7). The combination of both axes thus described the gradient of 
agricultural intensification found in our study area, contrasting the extensive practices of cattle 
and dairy productions (positive scores on both axes) with intensively managed crops that 
require large inputs of fertilizers and pesticides (negative scores on both axes). 
 
 
Only the non-Schizophora was highly influenced (scores > 0.25) by both axes (Table 2.7). 
This group was associated with the proportion of fallows (axis 1) and yet with the proportion 
of soy (axis 2; Table 2.7, Figure 2.7). The other insects strongly associated with axis 1 
included the Acalyptratae and Calyptratae, which were associated with intensively managed 
cultures (Table 2.7, Figure 2.7). Beside non-Schizophora, the Ephemeroptera were the only 
group highly associated with axis 2 (Table 2.7). This group was strongly associated with 
forests and extensive cattle and dairy productions through their positive correlation with 
fallows and pastures (Table 2.7, Figure 2.7). The remaining insects in boluses were not 
specifically associated with any component of the landscape as show by their central position 
in the triplot and their species scores < 0.25 (Table 2.7, Figure 2.7). 
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Figure 2.7. Correlation triplot (scaling = 2) of redundancy analyses (RDA) on the proportion 
of different insects in boluses (N = 485) along a gradient of agricultural intensification in 
Southern Québec, Canada (see Table 2.7 for species and constraint scores and Methods for 
taxa abbreviations). Taxa are represented by little diamond (). Blue arrows represent the 
proportion cover of component of agricultural landscape in a 500-m radius around the nest 
box. Axis 1 explained 54.6% of the variation in insect composition, and Axis 2, 24.0%. 
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Determinants of Diptera selection 
 
 
The data provided clear support (AICcWt > 0.99) for only one of the candidate model, namely 
the Env model (Table 2.8). Although this model controlled for the time period and temperature 
at which boluses were collected (Table 2.4), we here focus on the effects of the relative 
availability of the four subgroups of Diptera and agricultural landscape composition on their 
selection (Table 2.9). Under average conditions, the Env model indicated that the diet of Tree 
swallows included different proportions of the four subgroups of Diptera we considered 
(Acalyptratae = 23.8%, Calyptratae = 13.4%, Nematocera = 9.1%, and non-Schizophora = 
18.1%; Figure 2.8). The representation of each group of Diptera in the diet was, however, 
generally positively correlated with its relative availability (Figure 2.9) and the relative 
abundance of arthropods in the environment (Figure 2.10). 
 
 
Table 2.8. Result of the model selection by AIC. Models, number of parameters (K), Delta 
AICc and AICc weigth (AICcWt) of all models are presented. Models were described in Table 
2.4, N = 1921. AICc of model Env = 8451.75, LL = 4174.51. (See Table 2.11 in Appendix 2.3 
for model-averaged coefficients and confidence intervals for all models.) 
Models K Delta AICc AICcWt 
Env 50 0 1 
PreyAv 34 973.6 0 
PunctEnv 34 1027.4 0 
Brood 34 1281.5 0 
Sel 15 2157.5 0 
NRand 3 3074.5 0 
Null 2 4953.8 0 
Sel-FR 18 2012.4 0 
FemC 26 1734.7 0 
NestlDem 34 1765.0 0 
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Selection patterns 
 
 
The Env model indicated that the proportions of the different groups of Diptera found in the 
Tree swallows’ diet depended on their respective relative availability in the environment 
(Prop.avail), and that this relationship was a function of the total arthropod relative abundance 
(Rel.abund), and that this latter interaction also depended upon the amount of intensively 
cultivated areas within 500 m of nest boxes (CultAreaNest) (Table 2.9). Given the complexity 
brought by such a three-way interaction, we decided to predict the effects of CultAreaNest on 
Diptera selection while fixing the abundance of arthropods at 100 individuals to facilitate 
interpretation; the mean number of arthropods caught per trap every 2 days was 91.8 (SD = 
60.1, N = 151). 
 
 
Acalyptratae 
 
 
Under average arthropod abundances, Tree swallows selected Acalyptratae when their relative 
availability was < 0.25 and showed partial avoidance for this group at greater relative 
availability (Figure 2.9a). These selection / avoidance patterns were, however, slightly less 
pronounced in landscapes showing high amounts of intensive cultures (Figure 2.9a). In 
addition, the selection for Acalyptratae was stronger and over a wider range of Acalyptratae 
relative availability when arthropods were present in greater abundance (Figure 2.10a). 
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Table 2.9. Variables of the model Env which influenced the proportion of Diptera in boluses 
of Tree swallow along a gradient of agricultural intensification in Southern Québec, Canada. 
Model-averaged coefficients (Mean Wt coeff.) are presented with their unconditional standard 
error (Uncond.SE) and 95% confidence intervals (LowerCI and UpperCI), N = 1921, K = 50. 
Variables with confidence interval excluding zero are in bold. 
Variables 
Mean Wt 
coeff. 
Uncond. 
SE 
Lower 
CI 
Upper 
CI 
Intercept -1.4640 0.1149 -1.6891 -1.2388 
Prop.avail† -0.1280 0.0623 -0.2506 -0.0064 
Rel.abund 0.3737 0.0619 0.2523 0.4951 
Prop.avail† * CultAreaNest 0.0508 0.0386 -0.0248 0.1264 
Group of Diptera     
Calyptratae -0.5104 0.1818 -0.8668 -0.1540 
Nematocera -0.0590 0.1218 -0.2978 0.1797 
Non-Schizophora -0.6187 0.2096 -1.0295 -0.2079 
Relative abundance vs. groups     
Calyptratae * Rel.abund 1.3053 0.1869 0.9391 1.6716 
Nematocera * Rel.abund -0.4384 0.0632 -0.5623 -0.3144 
Non-Schizophora * Rel.abund -0.5951 0.2161 -1.0186 -0.1716 
Proportion available vs. groups     
Calyptratae * Prop.avail† -0.1508 0.1068 -0.3601 0.0585 
Nematocera * Prop.avail† 0.7925 0.0851 0.6258 0.9593 
Non-Schizophora * Prop.avail† -0.3332 0.1268 -0.5817 -0.0847 
Cultivated area vs. groups     
Acalyptratae * CultAreaNest 0.0844 0.0851 -0.0824 0.2512 
Calyptratae * CultAreaNest -0.2130 0.1163 -0.4409 0.0149 
Nematocera * CultAreaNest 0.8125 0.0675 0.6802 0.9448 
Non-Schizophora * CultAreaNest -0.6120 0.1061 -0.8200 -0.4039 
Selection vs. cultivated area     
Calyptratae * Prop.avail† * CultAreaNest -0.2175 0.0491 -0.3138 -0.1213 
Nematocera * Prop.avail†* CultAreaNest 0.3880 0.0589 0.2725 0.5035 
Non-Schizophora * Prop.avail† * CultAreaNest -0.1475 0.0468 -0.2392 -0.0557 
Functional response vs. group     
Calyptratae * Prop.avail† * Rel.abund 0.3144 0.1217 0.0760 0.5528 
Nematocera * Prop.avail† * Rel.abund 0.4685 0.0630 0.3450 0.5919 
Non-Schizophora * Prop.avail† * Rel.abund -0.4022 0.1370 -0.6707 -0.1338 
†Variable linearly transformed see  Mysterud & Ims (1998) for details 
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Figure 2.8. Distribution of the proportions of each group of Diptera found in Tree swallow 
boluses and the proportions consumed under average conditions according to the Env model 
(Table 2.9). Model-averaged predictions are depicted by black circles with their unconditional 
confidence intervals.  
 
 
Calyptratae 
 
 
Under average arthropod abundances, Tree swallows selected Calyptratae only when this 
group showed a low relative availability (< 0.15) within intensively cultivated landscapes, and 
consumed these flies in proportions reflecting their relative availability otherwise (Figure 
2.9b). At high arthropod abundances, however, Tree swallows generally selected Calyptratae 
and this selection increased in strength with this group’s relative availability (Figure 2.10b). 
On the other hand, at low arthropod abundances, Tree swallows showed avoidance for 
Calyptratae that increased with their relative availability (Figure 2.10b). 
Calyptratae Acalyptratae Nematocera non-Schizophora 
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Figure 2.9. Predictions from model averaging of the effect of the cultivated area in a 500m radius around nest boxes on the 
selection and avoidance of Acalyptratae (a), Calyptratae (b), Nematocera (c), and non-Schizophora (d). Solid line represents 
0% cultivated environment, dashed line represent 50% cultivated environment and dashed and dotted line, 98% cultivated 
environments. Confidence intervals are presented only for 0% cultivated environments to simplify graphs.  
c) d) 
a) b) 
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Figure 2.10. Predictions from model averaging of the effect of the interaction between the relative proportion (prop.avail) and 
abundance (rel.abund) of Acalyptratae (a), Calyptratae (b), Nematocera (c), and non-Schizophora (d) in traps on their 
proportion in boluses. Solid line represents abundance of 36 insects in traps (15
th
 percentile), dashed line represents an 
abundance of 76 insects (median) and dashed and dotted line represents abundance of 148 insects (85
th
 percentile) implying a 
relative abundance of Diptera that differ among proportion in traps (e.g., for an abundance of 36 insects in traps, when 
prop.avail = 0.25, rel.abund = 9). Confidence intervals are presented only for 0% cultivated environments to simplify graphs.
a) b) 
c) d) 
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Nematocera 
 
 
Tree swallows avoided Nematocera over their entire range of relative availability and 
independently of the abundance of arthropods in the environment (Figure 2.9c and 2.10c). The 
strength of this avoidance was, however, more pronounced at high relative availability, except 
in landscapes showing high amounts of cultivated areas where the proportions of Nematocera 
consumed was closer to their relative availability under average arthropod abundances (Figure 
2.9c and 2.10c). 
 
 
Non-Schizophora  
 
 
Tree swallows selected non-Schizophora under a wide range of conditions (Figure 2.9d and 
2.10d). Indeed, under average arthropod abundances, Tree swallows selected non-Schizophora 
over the entire range of these flies’ relative availability (especially at mid range) in landscapes 
with small amounts of intensive cultures (Figure 2.9d). As the amount of intensive cultures 
increased, though, the range of relative availabilities under which selection occurred decreased 
and moved toward lower values as avoidance appeared and gained in strength at higher 
relative availabilities (Figure 2.9d). A decrease in arthropod relative abundance had the same 
effect on non-Schizophora selection by Tree swallows as an increase in the proportion of 
intensive cultures around nest boxes (Figure 2.10d). 
 
 
DISCUSSION 
 
 
In this study we assessed the diet of nestlings’ Tree swallow along a gradient of agricultural 
intensification in southern Quebec, Canada. Our results indicated a positive effect of 
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intensification on the abundance of Diptera, the main order in the diet of Tree swallows, in 
both traps and boluses early in the season. However, the opposite trend was observed in late 
season, where Diptera abundance decreased with intensive farming, while increasing with 
extensive farming, as a potential result of the use of insecticides in intensively cultivated 
farmlands. Moreover, our results showed different associations between the different 
components of agricultural landscapes and the insect composition of boluses and of traps that 
were more pronounced for the order Diptera. Those effects were however different between 
traps and boluses, suggesting a potential prey selection by Tree swallows, which we 
confirmed. In fact, we found that the selection of Diptera was positively influenced by their 
relative availability and relative abundance in environment. Also, we found different effects of 
agricultural intensification and time on the proportions of the four groups of Diptera in the diet 
of Tree swallows. To our knowledge, this study is one of the first to assess the effect of 
agricultural intensification on prey selection, and therefore on diet, in aerial insectivores. 
 
 
Diet of Tree swallows and prey availability on farms 
 
 
Diptera was the main order of insects present in Tree swallows’ diet in our system, with 67% 
of total abundance in boluses. Our finding is thus in accordance with previous studies where 
prevalence of Diptera ranged from 60% to 80% (McCarty & Winkler, 1991; Blancher & 
McNicol, 1990; Jonhson & Lombardo, 2000, Quinney & Ankney, 1985). The second order 
most frequent in the diet was Ephemeroptera (19.3%). Insects that have of aquatic larval 
stages, as mayflies, are frequently being eaten in high proportion (up to 20%) by Tree 
swallows, when water bodies are abundant, promoting emerging events (Blancher & McNicol, 
1990; McCarty, 2002; McCarty & Winkler, 1991, 1999; Mengelkoch et al., 2004; Johnson & 
Lombardo, 2000; Dods et al., 2005; Beck et al., 2013).  However, contrary to proportion 
found in diet, we found very few Ephemeroptera in traps. This might reflects the possibility 
that our insect traps were not ideal for the capture of such emerging prey (McCauley, 1976; 
Moldenke & Ver Linden, 2007). In fact, in boluses, Ephemeroptera identified were at a sub-
  
 
59 
 
imago stage (stage between aquatic larval stage and non-aquatic adult stages) indicating 
emerging prey (Edmunds, 1988). In contrast, the only 2 individuals collected in insects traps 
were at adult stage. Other aquatic larval stages insects (Trichoptera, Plecoptera and Odonata) 
were found in small proportion in the diet and traps (≤1.2%) as found in other studies (e.g. 
Johnson & Lombardo, 2000; Blancher & McNicol, 1990).  
 
 
Terrestrial larval stages insects representing more than 1% of Tree swallows diet consisted of 
Hemiptera (5.7% of diet), Coleoptera (2.9%) and Hymenoptera (1.2%), which is consistent 
with previous studies (proportions between 5% and 20%). The remaining orders were present 
in a very small proportion in the diet (< 1%) and consisted of Aranaea, Lepidoptera, 
Psocoptera, Thysanoptera, Acari, Neuroptera, which is also found in previous studies (< 2%, 
McCarty & Winkler, 1991, 1999; McCarty 2002; Mengelkoch et al., 2004; Johnson & 
Lombardo, 2000; Blancher et al., 1990, Beck et al., 2013; Bernhardt et al., 2009). 
 
 
Effects of intensification and time  
 
 
Abundance and biomass of arthropods and Diptera in traps 
 
 
The amount of cultivated areas and time were the main determinant of the abundance of 
arthropods in traps which followed a quadratic curve. More specifically, in natural 
environments, abundance of arthropods generally increased throughout the season. In contrast, 
in intensively managed farms, abundance increased until mid-June, at which point abundance 
were equivalents in all environment, as in early-June, and then decreased and reached very 
low abundances in early-July. The same pattern was observed when the abundance of Diptera 
in traps was considered alone, which was expected given the importance of this group. A 
similar result has been previously found in our study area by Rioux Paquette et al. (2013) in a 
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study conducted from 2007 to 2009 in which they found an interaction between Julian day and 
intensification of cultures. However, in contrast with our study (at some point we found a 
higher abundance in intensive farms), they found an overall higher abundance of Diptera in 
extensive farms than intensive farms. This difference could be explained by the important 
variation of the effect of intensification and Julian day on the abundance of Diptera between 
years (as documented in Rioux Paquette et al., 2013). Our result of a linear increased of 
biomass of Diptera in traps throughout the season is also in concordance with the results of 
Rioux Paquette et al. (2013) for two of the three years they studied. This result implies that 
Diptera’s size in traps changes during season, and should be most evident on intensive farms 
where a decrease in abundance occurs, whereas biomass still increases. Insect sizes in natural 
habitats have been showed to be smaller than in cultivated farms, which was mostly attributed 
to pesticides applications and dispersal limitations that favored bigger Arthropods (Blake et 
al., 1996; Schweiger et al., 2005). In the same way, some big Calyptratae such as 
Anthomyiidaes’ family are pest of some intensive cultures such as maize and soy (e.g. Delia 
spp.) that, when present, are in high abundance (Laplante, 2013), which again could partly 
explained the overall changes in insect’s size in these habitats. 
 
 
Abundance and biomass of Diptera and Ephemeroptera in boluses 
 
 
Time and the intensive cultivated area also affected the abundance of Diptera in boluses. In 
natural environments, abundance decreases until mid-June and then increases until reaching 
highest abundance in early-July. An opposite pattern was predicted for intensive habitats. The 
model for biomass of Diptera in boluses showed a similar pattern; although with a global 
increasing of about 0.009g throughout June (biomass of Diptera in early June is lower than in 
early July regardless of intensification). In fact, Tree swallow seemed to eat Diptera of bigger 
sizes as the season progress, in all agricultural landscapes. This result is somewhat consistent 
with result of McCarty & Winkler (1999) in which they found increasing in selectivity for 
prey of bigger size in nestling Tree swallow’s diet with date. Interestingly, the predicted 
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effects of Julian day and cultivated area on biomass of Ephemeroptera in boluses is exactly the 
opposite of the one found for Diptera in boluses. That emphasizes the fact that selection of 
certain prey items might be done at the expenses of others.  
 
 
Arthropods diversity in traps 
 
 
Finally, we found no differences in Simpson’s index of diversity in traps along the gradient of 
agricultural intensification and over time. Indeed, within our samples, diversity of arthropods 
was always similar with a mean of 0.757 (1.0 being insects belonging to different taxa). The 
use of this index, when relying on higher taxa, has been discussed and discouraged in Guerold 
(2000) because it underestimates the species diversity. However, because our aim was to 
assess a potential effect of intensification on arthropods diversity and not to assess the 
amplitude of the effect, it is adequate to use it (Guerold, 2000). Our result is similar to some 
(Burel et al., 1998) but also contrast with other studies that showed negative effect of 
agricultural practices on insects’ diversity (Blake et al. 1996; Schweiger et al., 2005; 
Hendrickx et al., 2007; Attwood et al., 2008). Altogether, these equivocal results suggest that 
conclusions obtained using the Simpson’s index of diversity might be highly context-specific. 
 
 
Agricultural landscape and insect composition in traps and in boluses  
 
 
Results of RDA showed that agricultural landscape composition influenced boluses and traps 
contents. Our results are thus in accordance with those of Schweiger et al. (2005) who showed 
that regional processes, such as land-use intensity, and local factors, such as the number of 
habitat types, are the most likely determinants of arthropods’ local community composition. 
More specifically, our results showed that landscape composition had a stronger effect on the 
proportion of Diptera than on other groups. Our results, thus, support Laplante’s (2013) 
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findings that different families of Schizophora Diptera (Acalyptratae and Calyptratae flies) are 
associated to different components of agricultural landscapes. They are also in accordance 
with the result of Burel et al. (2004) who showed a decreased in Diptera Chironomid species 
richness with agricultural intensity. 
 
 
In both RDA, the proportion of Calyptratae and Acalyptratae (Schizophoras’ flies), were 
associated with intensively managed cultures (maize and soy) which is consistent with our 
expectations, since some species included in these groups have previously been reported as 
being cultures pests (Capinera, 2001; Soroka et al., 2004). For the non-Schizophora and 
Nematocera, the two RDA showed different pattern of association between components of 
agricultural landscape and their proportion in samples. Non-Schizophora in traps was mostly 
associated with natural habitats (fallow and forest), and in boluses, their proportion was 
associated with both extensive and intensive cultures (fallow and soy). Nematocera in traps 
was associated with extensive cultures (forest and pasture), and in boluses, it was not 
influenced by agricultural landscapes. Those differences could partly be explained by the 
respective fly group biology. For instance, almost all Nematocera and many non-Schizophora 
have aquatic larval stages (McAlpine et al., 1981, 1987; Courtney et al., 2009) that could bias 
their representation in traps because of emerging events. Also, many species of those groups 
are forming swarms while mating that could also bias their capture rate (McAlpine et al., 
1981, 1987; Courtney et al., 2009). Furthermore, it could potentially influence their selection 
(that we could not control and evaluate) as Tree swallows may prefer eating swarming insects 
that form clumped food sources (St-Louis et al., 1990; Krebs & Davies, 1993). Finally, the 
overall difference between traps and boluses, could, be also partly explained by different 
foraging behavior in different habitats (Evans et al., 2003) resulting in different diet. This is 
discussed further in the next section. 
 
 
The different components of agricultural landscape explained 16.41% of variation in insects’ 
composition in traps, suggesting that these components only partly explain insects’ 
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distribution in environments. For example, previous studies showed that abundance of 
arthropods in agricultural environments is influenced by temperature (Peng et al., 1992; 
Pearce-Higgins & Yalden, 2004; Winkler et al., 2013), wind speed (Peng et al., 1992), 
precipitations (Torok & Toth, 1988; Pearce-Higgins & Yalden, 2004), all weather component 
that affect insect’s communities and activities (Peng et al., 1992; Pearce-Higgins & Yalden, 
2004). Those weather effects also impact prey selected in diet by insectivorous birds, through 
changes in prey availability and thereby, its foraging behavior (Evans et al., 2003). Those 
confounding effects may be the reason why constraints in RDA on boluses explained even less 
variation (7.58%) than the RDA on traps.  
 
 
Determinants of Diptera selection 
 
 
At first glance, our data suggested no selection of Diptera. However, when Diptera were 
separated in four subgroups, we found evidence of selection for Calyptratae and non-
Schizophora, but avoidance for Nematocera and no differences between the proportion in 
boluses and in traps for Acalyptratae. Our results are somewhat consistent with those from 
McCarty & Winkler (1999), who showed differences in selectivity for the two sub-order of 
Diptera, Nematocera and Brachycera (including Calyptratae, Acalyptratae and non-
Schizophora), the first being avoided and second being selected. 
 
 
The selection of Diptera in Tree swallows’ diet was mainly influenced by environment 
components (Julian day, hour of the day, temperature and proportion of cultivated area). Our 
results are consistent with previous studies reporting an effect of environment on insectivorous 
bird nestlings’ diet composition and abundance through selectivity in foraging habitats. For 
instance, Girard et al. (2012) showed that diet of Song sparrow (Melospiza melodia) is not 
obtained randomly between habitats and they found a higher proportion of diet coming from 
seminatural habitats (vs. crop cover) than expected based on habitat availability. Also, 
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consistent with our results, Grundel & Dahlsten (1991), found effects of date and hour of the 
day on diet insects’ composition in Mountain chickadee (Parus gambeli).  
 
 
Our analyses of Diptera selection is also coherent with the fact that prey selection (of 
Arthropods), is mainly influenced by their availability (Grundel & Dahlsten, 1991; Girard et 
al., 2012; Pearce-Higgins & Yalden, 2004) that is in turn mostly influenced by environment 
(Brickle et al., 2000; Hoste-Danyłow et al., 2010). In a context of agricultural intensification, 
this environmental component partly reflects different agricultural practices (e.g. use of 
insecticide reduces insects’ abundance and use of herbicides eliminates host plants for 
Arthropods, etc.) (Vickery et al., 2001; Boatman et al., 2004; Hoste-Danyłow et al., 2010). 
 
 
By incorporating functional responses of prey availability to all models, as suggested 
previously (Mysterud & Ims, 1998; Eeva et al., 2005; Godvik et al., 2009), we were able to 
show that the proportion of Diptera in diet increased with an increasing availability and 
relative abundance in environment. Our results are partly similar to those obtained by McCarty 
& Winkler (1999) who reported no effect of Nematocera’s abundance on their selection by 
Tree swallow. However, contrary to our results they also found no effect of the abundance of 
Brachycera in environment (non-Schizophora + Acalyptratae + Calyptratae) on their selection 
by Tree swallow. This difference may be partly explained by the contrast among study 
systems as our study area was located along a gradient of agricultural intensification that 
allowed us to detect better variation in prey availability between samples (abundance of 1 to 
136 Diptera by traps, total insect’s abundance up to 249) in addition with the high number of 
traps used compared to the study system of McCarty & Winkler (1999) in which only one trap 
was used. Their studied population consisted of two colonies located 2 km apart, near Ithaca, 
New York in USA, the first one (55-75 pairs of breeding Tree swallows) in an area of 13-ha 
including 41 0.1-ha ponds and a 6-ha lake and the second one (10-23 pairs) consisted of an 
area of 20-ha with 50 0.1-ha ponds and a 7-ha lake surrounded by forest and abandoned farm 
fields. They collected 215 boluses (between 1989 and 1993) that they compared to a sample of 
  
 
65 
 
insects’ availability corresponding to a daily catch of insects collected with one trap located in 
the first site, the day the bolus was obtained. The similar habitat for all boluses collected at 
both sites all compared to a sample of insects’ availability obtained by one insect trap in a 
specific location may lead to lower variation in selectivity caused by insect abundance. Also, 
the statistical method used by McCarty & Winkler (1999) which consist of using selectivity 
ratio (ŵi) may lead to incorrect interpretation while modeling prey availability because of the 
non independency of the response variables and explanatory variable (see Manly et al. 2002 
for details). 
 
 
We found an effect of the proportion of cultivated area on the selection and avoidance for 
three out of the four subgroups analyzed: Calyptratae, Nematocera and non-Schizophora. In 
contrast to our predictions, we found no effect of the proportion of cultivated area on the 
pattern of selection and avoidance of Acalyptratae. We expected that their proportion would 
be influenced in the same way than Calyptratae, which were selected more highly in intensive 
farms when their proportion available in traps was low. Indeed, both groups include pest crop 
species. This difference may be explained by the size of the flies belonging to the two groups 
that is generally bigger for Calyptratae than Acalyptratae. Thus, the profitability of consuming 
Calyptratae could be higher than for Acalyptratae based on optimal prey model (Krebs & 
Davies, 1993). It could also explain why Calyptratae are never avoided regardless of 
agricultural intensity and Julian day, but Acalyptratae are being avoided in all cultivated 
landscape as their proportion in diet reached a plateau at about 25%.  
 
 
Our model predicted an effect of cultivated area on the proportion of Nematocera in diet at a 
high proportion available in traps. In fact, Nematocera was almost always avoided, but this 
avoidance decreased with an increasing in cultivated area. That could be explained by a choice 
of Tree swallows of eating nematocerans vs. spending time searching for other prey items 
when their availability in environment increases (hypothesis based on diet models; see Krebs 
& Davies, 1993 for details). We also found that non-Schizophora was always selected in 
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natural environment, even if their selectivity decreased with an augmentation in their 
proportion in environment. On the other hand, they were eaten in similar proportions (around 
10% and 15%) in half- and all-cultivated environment regardless of their availability.  
 
 
Finally, our results support the hypothesis that insectivorous birds benefit from eating different 
prey items (Krebs & Avery, 1984; Borg & Toft, 2000), as we found evidences for selection 
when proportions available in traps were low for all groups of Diptera and proportion of each 
groups never exceeded 0.50 in boluses. 
 
 
Potential bias associated with insect traps 
 
 
In our study area, the uses of passive open insect traps installed at field border were adequate 
for the capture of aerial insects, since agricultural fields are often homogenous. However, 
some sources of water (water bodies, stream, manure tanks, etc.) added heterogeneity to 
agricultural landscapes for some farms. This composition in water sources could have 
influenced the capture of some species that have aquatic larval stage or that reproduce in 
swarms, above water (Ephemeroptera, Plecoptera, Trichoptera, Nematocera, non-
Schizophora). Furthermore, aerial insectivorous birds, which can forage longer distance than 
does insects, may prefer eating swarming insects that form clumped food sources, that could 
have led to a mismatch between taxa used and available when traps were not near those food 
sources. It would have been better to use more than one trap to evaluate the insect availability 
within a farm to obtain more accuracy representation of insect availability in the 500-m radius 
around the nest box. However, since we aimed to assess the effect of agricultural 
intensification on diet and thus needed to collect insects over a large scale in a logistically 
feasible and replicated manner, over each farm throughout time, the use of more than one trap 
within a farm was more challenging, both in terms of field and lab work. 
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CONCLUSION 
 
 
We analyzed the diet of Tree swallow along a gradient of agricultural intensification over two 
years and showed that it is influenced by agricultural intensity, prey availability and weather 
conditions. Furthermore, we also showed an influence of agricultural landscape on prey 
availability and communities in environment. Even if further analyzes are needed to 
understand how prey selection occurs, we were able to highlight that 1) prey selection for 
insectivorous birds is a function of prey availability in terms of proportion available and 
relative abundance, 2) selectivity for different type of prey can be affected by agricultural 
landscape in different ways (e.g. it could increase or reduce selectivity ) and finally, 3) 
environment components are the main factor influencing prey availability and selection in our 
system. Future studies assessing the effects of agricultural intensification on insectivorous 
birds could further detail the consequences of changes in prey selectivity among contrasted 
agricultural practices, in particular by assessing the resulting effects on reproduction and 
survival of birds. 
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APPENDIX 2.1 – SUPPLEMENTARY MATERIAL 
 
 
 
 
Figure 2.11. Predicted path analysis used to calculate the latent variable (female condition) 
which corresponds to the global morphological condition of female Tree swallow. We used 
the sem() function of the lavaan package (version 0.5-12) with normalized data and we fixed 
the variance of the latent variable to 1. Data consisted of all individual female of a nest where 
at least one bolus was obtained (N = 126). All the raw data were obtained once and were taken 
when we captured females during the incubation period (no more egg laying). The weight is 
measured in grams, the wing length in millimeters and age is a binary variable corresponding 
at second year’s old females and of female of after hatching year.  
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Figure 2.12. Relations between the coefficients of morphological condition predicted for each female from latent variable of path 
analysis (Figure 2.11 in Appendix 2.1) and explanatory variables included in it. Red dots represent second year old females (SY) 
and black dots represent female of after second year (ASY).  
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APPENDIX 2.2 – SUPPLEMENTARY MATERIAL 
Table 2.10. Comparison of the abundance/occurrence of items found in boluses and traps 
respectively, classified by phylum, subphylum, class and order.  
Classification  
(Phylum, subphylum (class), order) 
Abundance in 
boluses 
(# of boluses) 
Abundance in 
traps 
(# of traps) 
Arthropoda                                                                                                       
  
Hexapoda (insecta) 12 217 (485) 13 577 (151) 
Diptera (all)* 
Nematocera 
Non-Schizophora 
Acalyptratae 
Calyptratae 
8286 (465) 
1919 (252) 
1950 (411) 
2705 (331) 
1712 (320) 
9100 (151) 
4188 (150) 
814 (137) 
2961 (148) 
1137 (143) 
Lepidoptera (all) 
Lepidoptera avail. to consumption* 
Lepidoptera (large size)† 
73 (45) 
73 (45) 
0 (0) 
168 (90) 
162 (88) 
6 (6) 
Coleoptera (all) 
Coleoptera avail. to consumption* 
Cockchafer (Phyllophaga spp.) 
390 (159) 
390 (159) 
0 (0) 
2159 (148) 
2139 (147) 
20 (12) 
Hemiptera* 701 (227) 724 (131) 
Hymenoptera (all) 
Hymenoptera avail. to consumption* 
Bumblebees (Bombus sp.) 
153 (101) 
153 (101) 
0 (0) 
1035 (144) 
1018 (143) 
17 (16) 
Thysanoptera* 1 (1) 273 (89) 
Trichoptera* 142 (54) 88 (44) 
Ephemeroptera* 2383 (100) 2 (2) 
Plecoptera* 32 (27) 6 (5) 
Odonata* 11 (8) 1 (1) 
Psocoptera* 39 (27) 11 (9) 
Phthiraptera* 1 (1) 0 (0) 
Neuroptera* 1 (1) 1 (1) 
Mecoptera* 0 (0) 1 (1) 
Other insects non identified (larval stage) 4 (4) 8 (4) 
Hexapoda (Enthognata, Collembola) 0 (0) 12 (5) 
Chelicerata (Arachnida) 130 (60) 157 (78) 
Araneae* 81 (45) 99 (68) 
Acari* 49 (23) 58 (25) 
Mollusca (Gastropoda and Bivalvia) 
31 (31) 0 (0) 
Non living material such as rocks 10 (10) 0 (0) 
Non identified items 22 (22) 5 (1) 
* Arthropods of size of consumption for Tree Swallows 
† Includes only Lepidoptera of large size found in traps (Monarch butterfly Danaus plexippus and 
Canadian Tiger Swallowtail Papilio canadensis)
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APPENDIX 2.3 – SUPPLEMENTARY MATERIAL 
 
 
Table 2.11. Variables from all models modeling the proportion of Diptera in boluses of Tree swallow along a gradient of 
agricultural intensification in Southern Québec, Canada. Model-averaged coefficients (Mean Wt coeff.) are presented with their 
unconditional standard error (Uncond.SE) and 95% confidence intervals (LowerCI and UpperCI). Variables with confidence 
interval excluding zero are in bold. 
Variables (models) Mean Wt coeff. Uncond. SE Lower CI Upper CI 
Intercept (All) -1.4640 0.1149 -1.6891 -1.2388 
Prop.avail† (All) -0.1280 0.0623 -0.2506 -0.0064 
Rel.abund (All) 0.3737 0.0619 0.2523 0.4951 
Group of Diptera (All)     
Calyptratae  -0.5104 0.1818 -0.8668 -0.1540 
Nematocera  -0.0590 0.1218 -0.2978 0.1797 
Non-Schizophora  -0.6187 0.2096 -1.0295 -0.2079 
Relative abundance vs. groups (All)     
Calyptratae * Rel.abund 1.3053 0.1869 0.9391 1.6716 
Nematocera * Rel.abund  -0.4384 0.0632 -0.5623 -0.3144 
Non-Schizophora * Rel.abund  -0.5951 0.2161 -1.0186 -0.1716 
Proportion available vs. groups (All)     
Calyptratae * Prop.avail† -0.1508 0.1068 -0.3601 0.0585 
Nematocera * Prop.avail† 0.7925 0.0851 0.6258 0.9593 
Non-Schizophora * Prop.avail† -0.3332 0.1268 -0.5817 -0.0847 
Proportion available vs. explanatory variables      
Prop.avail† * CultAreaNest (Env, PreyAv) 0.0508 0.0386 -0.0248 0.1264 
Prop.avail† * hour (Env, PunctEnv) -0.1229 0.0375 -0.1964 -0.0493 
Prop.avail† * Temp (Env, PunctEnv) 0.2095 0.0432 0.1248 0.2942 
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Variables (models) Mean Wt coeff. Uncond. SE Lower CI Upper CI 
Prop.avail† * JDay (Env, PreyAv) -0.3451 0.0411 -0.4258 -0.2645 
Prop.avail† * Rel.abund (All) -0.2273 0.0414 -0.3085 -0.1461 
Prop.avail† * Nestl.days (NestlDem) 0.0882 0.0530 -0.0156 0.1920 
Prop.avail† * Age.nestl (NestlDem) -0.2024 0.0558 -0.3117 -0.0931 
Prop.avail† * Fem.cond (FemC) 0.1144 0.0411 0.034 0.1949 
Prop.avail† * Nb.nestl.hatch (Brood) 0.0373 0.0366 -0.0345 0.1091 
Prop.avail† * Hatch.date (Brood) -0.0933 0.0395 -0.1707 -0.0158 
Cultivated area vs. groups (Env, PreyAv)     
Acalyptratae * CultAreaNest 0.0844 0.0851 -0.0824 0.2512 
Calyptratae * CultAreaNest -0.2130 0.1163 -0.4409 0.0149 
Nematocera * CultAreaNest 0.8125 0.0675 0.6802 0.9448 
Non-Schizophora * CultAreaNest -0.6120 0.1061 -0.8200 -0.4039 
Hour vs. groups (Env, PunctEnv)     
Acalyptratae * hour -0.7139 0.0821 -0.8749 -0.5529 
Calyptratae * hour 0.2679 0.1159 0.0408 0.4950 
Nematocera * hour 0.3432 0.0686 0.2087 0.4778 
Non-Schizophora * hour 0.0535 0.1018 -0.1459 0.2529 
Temperature vs. groups (Env, PunctEnv)     
Acalyptratae * Temp 0.3854 0.0902 0.2086 0.5621 
Calyptratae * Temp -0.1862 0.122 -0.4252 0.0529 
Nematocera * Temp -0.7276 0.0702 -0.8652 -0.5900 
Non-Schizophora * Temp 0.5138 0.114 0.2904 0.7373 
Julian day vs. groups (Env, PreyAv)     
Acalyptratae * JDay -0.4476 0.0783 -0.6011 -0.2941 
Calyptratae * JDay -0.7732 0.0983 -0.9658 -0.5805 
Nematocera * JDay -0.8481 0.0659 -0.9772 -0.7191 
Non-Schizophora * JDay 0.1511 0.0849 -0.0153 0.3175 
Nestling days vs. groups (NestlDem)     
Acalyptratae * Nestl.days 0.2879 0.1031 0.0858 0.4900 
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Variables (models) Mean Wt coeff. Uncond. SE Lower CI Upper CI 
Calyptratae * Nestl.days 0.3646 0.1318 0.1063 0.6230 
Nematocera * Nestl.days -0.6118 0.0782 -0.7650 -0.4585 
Non-Schizophora * Nestl.days -0.5988 0.1095 -0.8134 -0.3841 
Age of nestling vs. groups (NestlDem)     
Acalyptratae * Age.nestl -0.3351 0.1075 -0.5457 -0.1245 
Calyptratae * Age.nestl -0.1384 0.1323 -0.3976 0.1209 
Nematocera * Age.nestl 0.3172 0.0793 0.1618 0.4726 
Non-Schizophora * Age.nestl 0.4495 0.1140 0.2260 0.6730 
Condition of female vs. groups (FemC)     
Acalyptratae * Fem.cond 0.3051 0.0719 0.1642 0.4460 
Calyptratae *Fem.cond 0.8199 0.1149 0.5947 1.0450 
Nematocera * Fem.cond 0.2855 0.0628 0.1624 0.4085 
Non-Schizophora * Fem.cond -0.3070 0.0832 -0.4700 -0.1440 
Number of nestlings hatched vs. groups (Brood)     
Acalyptratae * Nb.nestl.hatch  0.1481 0.0735 0.0041 0.2922 
Calyptratae * Nb.nestl.hatch  -0.2388 0.1057 -0.4460 -0.0317 
Nematocera * Nb.nestl.hatch  -0.3265 0.0591 -0.4422 -0.2107 
Non-Schizophora * Nb.nestl.hatch  -0.4775 0.0872 -0.6485 -0.3066 
Hatched day vs. groups (Brood)     
Acalyptratae * Hatch.date   -0.0651 0.0780 -0.2180 0.0879 
Calyptratae * Hatch.date   -0.8636 0.1026 -1.0646 -0.6626 
Nematocera * Hatch.date   -0.9271 0.0661 -1.0568 -0.7975 
Non-Schizophora * Hatch.date   0.0138 0.0827 -0.1484 0.1760 
Selection vs. cultivated area (Env, PreyAv)     
Calyptratae * Prop.avail† * CultAreaNest -0.2175 0.0491 -0.3138 -0.1213 
Nematocera * Prop.avail† * CultAreaNest 0.3880 0.0589 0.2725 0.5035 
Non-Schizophora * Prop.avail† * CultAreaNest -0.1475 0.0468 -0.2392 -0.0557 
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Variables (models) Mean Wt coeff. Uncond. SE Lower CI Upper CI 
Selection vs. hour (Env, PunctEnv)     
Calyptratae * Prop.avail† * hour 0.2225 0.0511 0.1224 0.3226 
Nematocera * Prop.avail† * hour 0.3772 0.0585 0.2626 0.4918 
Non-Schizphora * Prop.avail† * hour 0.1577 0.0481 0.0634 0.2520 
Selection vs. temperature (Env, PunctEnv)     
Calyptratae * Prop.avail† * Temp -0.3401 0.0574 -0.4525 -0.2276 
Nematocera * Prop.avail† * Temp -0.3858 0.0716 -0.5262 -0.2454 
Non-Schizophora * Prop.avail† * Temp -0.1485 0.0542 -0.2548 -0.0422 
Selection vs. Julian day (Env, PreyAv)     
Calyptratae * Prop.avail† * JDay 0.0778 0.0483 -0.0169 0.1724 
Nematocera * Prop.avail† * JDay -0.0169 0.0623 -0.1390 0.1052 
Non-Schizophora * Prop.avail† * JDay 0.3252 0.0466 0.2340 0.4165 
Selection vs. Nestling days (NestlDem)     
Calyptratae * Prop.avail† * Nestl.days 0.0405 0.0651 -0.0872 0.1681 
Nematocera * Prop.avail† * Nestl.days -0.5023 0.0798 -0.6587 -0.3459 
Non-Schizophora * Prop.avail† * Nestl.days -0.2549 0.0648 -0.3819 -0.1279 
Selection vs. Age of nestling (NestlDem)     
Calyptratae * Prop.avail† * Age.nestl 0.1787 0.0655 0.0503 0.3072 
Nematocera * Prop.avail† * Age.nestl 0.4930 0.0869 0.3226 0.6634 
Non-Schizophora * Prop.avail† * Age.nestl 0.3661 0.0656 0.2374 0.4947 
Selection vs. Female condition (FemC)     
Calyptratae * Prop.avail† * Fem.cond 0.1618 0.0573 0.0495 0.2742 
Nematocera * Prop.avail† * Fem.cond 0.0727 0.0634 -0.0516 0.1969 
Non-Schizophora * Prop.avail† * Fem.cond -0.1035 0.0477 -0.1970 -0.0100 
Selection vs. Number of nestlings hatched (Brood)     
Calyptratae * Prop.avail† * Nb.nestl.hatch  -0.1196 0.0481 -0.2139 -0.0253 
Nematocera * Prop.avail† * Nb.nestl.hatch  -0.2217 0.0558 -0.3311 -0.1123 
Non-Schizophora * Prop.avail† * Nb.nestl.hatch  -0.1831 0.0463 -0.2738 -0.0923 
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Variables (models) Mean Wt coeff. Uncond. SE Lower CI Upper CI 
Selection vs. Hatch day (Brood)     
Calyptratae * Prop.avail† * Hatch.date   -0.2455 0.0511 -0.3456 -0.1454 
Nematocera * Prop.avail† * Hatch.date   -0.3978 0.0563 -0.5082 -0.2875 
Non-Schizophora * Prop.avail† * Hatch.date   0.0238 0.0458 -0.065 0.1135 
Functional response vs. group (All)     
Calyptratae * Prop.avail† * Rel.abund 0.3144 0.1217 0.0760 0.5528 
Nematocera * Prop.avail† * Rel.abund 0.4685 0.0630 0.3450 0.5919 
Non-Schizophora * Prop.avail† * Rel.abund -0.4022 0.1370 -0.6707 -0.1338 
† Variable linearly transformed (prop.avail = log[proportion available in traps/(1 ‒ proportion available in traps)]). 
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CHAPITRE 3 
 
 
DISCUSSION ET CONCLUSION 
 
 
 
L’effet négatif de l’intensification agricole sur l’avifaune insectivore champêtre est de plus en 
plus documenté dans la littérature, puisque cette faune est en déclin prononcé depuis plus de 
50 ans. Jusqu’à présent, la plupart des études ont traité de l’effet de l’intensification agricole 
sur certains traits d’histoire de vie des insectivores aériens ou de son effet sur la disponibilité 
d’insectes dans le milieu, deux causes potentiellement attribuables au déclin. Toutefois, peu 
d’études se sont concentrées sur l’effet de l’intensification agricole sur la diète de ces oiseaux 
et, plus particulièrement, de son effet sur la sélection de proies, cette dernière pouvant 
potentiellement contrer, du moins partiellement, les effets négatifs de l’intensification agricole 
sur la disponibilité de proies dans les milieux agricoles. 
 
 
Ainsi, ce mémoire visait d’abord à déterminer la diète de l’Hirondelle bicolore, passereau 
insectivore aérien en déclin au Québec depuis plus de 25 ans et à déterminer les effets de du 
paysage agricole sur celle-ci, de même que de sur la sélection de proies. J’ai ainsi détaillé et 
analysé cette diète et, en accord avec mes hypothèses et prédictions, montré l’effet négatif de 
l’intensification agricole sur la disponibilité d’arthropodes dans le milieu. De plus, j’ai 
également montré un effet de l’intensification agricole et de la disponibilité de diptères 
disponibles dans l’environnement agricole sur la sélection de ses diptères par Hirondelle 
bicolore, les principales proies consommées par cet insectivore aérien en déclin. 
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Diète de l’Hirondelle bicolore 
 
 
D’abord, mes résultats supportent le fait que l’ordre des diptères est celui le plus abondant 
dans la diète de l’Hirondelle bicolore (Quinney & Ankney, 1985; Blancher & McNicol, 1990; 
McCarty & Winkler, 1991; Jonhson & Lombardo, 2000) et ce, avec 67% de l’abondance 
totale en insectes dans les becquées. J’ai ensuite montré que les éphéméroptères constituaient 
le deuxième ordre le plus abondant dans les becquées à un taux de 19%. Cet ordre, ayant un 
stade larvaire aquatique, est souvent abondant dans la diète de l’Hirondelle bicolore lorsque 
les étendues d’eau abondent dans le paysage, ce qui favorise les évènements d’émergence 
(Blancher & McNicol, 1990; McCarty & Winkler, 1991, 1999; Johnson & Lombardo, 2000; 
McCarty, 2002; Mengelkoch et al., 2004, Dods et al., 2005; Beck et al., 2013). D’autres 
insectes ayant également un stade larvaire aquatique ont été consommés par l’Hirondelle 
bicolore, mais à de plus faibles proportions que les éphéméroptères. Effectivement, les 
trichoptères, les plécoptères et les odonates constituaient tous près de 1% de la diète, des 
proportions similaires à celles trouvées dans d’autres études (e.g. Johnson & Lombardo, 2000; 
Blancher & McNicol, 1990).  
 
 
Les hémiptères (6%), les coléoptères (3%) et les hyménoptères (1%), ayant tous des stades 
larvaires terrestres, étaient également consommés par l’Hirondelle bicolore. Finalement, les 
arthropodes qui constituaient le reste de la composition des becquées (araignées, lépidoptères, 
psocoptères, thysanoptères, acariens, neuroptères et phthiraptères) étaient présents seulement à 
l’état de traces dans la diète globale des hirondelles comme observé dans des études 
précédentes (Blancher & McNicol, 1990; McCarty & Winkler, 1991, 1999; Johnson & 
Lombardo, 2000; McCarty, 2002; Mengelkoch et al., 2004; Beck et al., 2013). 
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Effet de l’intensification agricole et de la date sur la disponibilité d’arthropodes et de 
diptères dans les milieux agricoles 
 
 
Comme prédit, j’ai montré un effet négatif de l’intensification agricole sur l’abondance en 
arthropodes dans les pièges, et ce, dès le milieu de la saison de reproduction de l’Hirondelle 
bicolore. Un patron similaire a également été obtenu pour l’abondance en diptères, lesquels 
constituaient la majorité du contenu des pièges. L’effet négatif de l’intensification agricole sur 
l’abondance de diptères a également été observé dans notre système d’étude en 2007 et 2008, 
quoique cet effet était présent tout au long de l’été (Rioux Paquette et al., 2013). De telles 
différences entre les deux études peuvent être attribuées, entre autres, à des variations 
interannuelles importantes de l’effet de l’intensification agricole sur l’abondance en 
arthropodes dans les milieux agricoles (Rioux Paquette et al., 2013). L’effet négatif global de 
l’intensification agricole sur l’abondance en diptères montré dans notre étude et dans celle de 
Rioux Paquette et al. (2013) peut être une conséquence directe de l’épandage des insecticides 
dans les milieux agricoles intensifs. 
 
 
Je suggère également qu’il peut exister des différences dans la taille des diptères dans les 
milieux agricoles au courant de la saison estivale. En effet, dans les milieux intensifs, la 
biomasse des diptères augmentait durant l’été tandis que leur abondance diminuait. Ces 
résultats corroborent ceux de Schweiger et al. (2005) et de Blake et al. (1996) qui ont montré 
que la taille des insectes des milieux cultivés était plus grande que celle des milieux naturels, 
principalement attribuée aux applications de pesticides et à des limitations au niveau de la 
dispersion des insectes qui favorisent ceux ayant de plus grandes tailles. 
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Influence du paysage agricole sur le contenu des pièges et la composition des becquées 
 
 
J’ai montré que la composition du paysage agricole influençait le contenu des pièges et la 
composition en insectes dans les becquées. Par contre, les patrons d’associations entre les 
composantes du paysage agricole et le contenu des pièges de même que la composition des 
becquées différaient, contrairement à mes prédictions. En effet, j’ai montré que le paysage 
agricole influençait de manière plus importante la composition en insectes des pièges (16,4% 
de la variation expliquée par le paysage agricole) que celle des becquées (7,6%). Ces 
différences pourraient d’abord être expliquées par le fait que l’abondance en insectes dans 
l’environnement dépend non seulement du paysage, mais aussi des conditions 
météorologiques (Torok & Toth, 1988; Peng et al., 1992; Winkler et al., 2013; Pearce-Higgins 
& Yalden, 2004), qui affecte les communautés d’insectes présentes ainsi que leurs activités 
(Peng et al., 1992; Pearce-Higgins & Yalden, 2004). J’ai également montré que les 
proportions d’Acalyptratae et de Calyptratae, toutes deux étant des mouches Brachycera 
Schizophora, étaient associées aux cultures de types intensives (maïs et soya) et ce, tant pour 
la composition en insectes dans le paysage que pour celle des becquées. Ces associations 
pourraient être expliquées par la forte abondance, lorsque présentes, de certaines espèces de 
mouches appartenant à ses taxa qui sont des pestes en agriculture (p. ex., certaines espèces de 
la famille Anthomyiidae; Capinera, 2001; Laplante, 2013). J’ai finalement montré que les 
mouches Nematocera et non-Schizophora dans les pièges étaient principalement associées aux 
cultures extensives et aux milieux naturels, ce qui n’est pas étonnant étant donné leur biologie 
(voir section Methods de l’article; Capinera, 2001; Soroka et al., 2004; Courtney et al., 2009). 
Par contre, au niveau des becquées, les Nematocera n’étaient influencés par aucune 
composante du paysage agricole tandis que les non-Schizophora étaient associés à la fois aux 
cultures extensives et intensives.  
 
 
L’ensemble des différences trouvées dans les patrons d’associations entre les composantes du 
paysage agricole et la composition des becquées et des pièges pourrait possiblement être le 
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résultat d’un choix de proies de la part de l’insectivore aérien. Par exemple, sous différentes 
conditions météorologiques, la disponibilité de proies dans l’environnement pourrait varier 
tout comme les comportements de quête alimentaire de l’oiseau (Evans et al., 2003). Dans le 
même ordre d’idées, des variations dans la disponibilité de proies dans le milieu pourraient 
également influencer les comportements de quête alimentaire de l’oiseau. Ainsi, ces 
changements dans les comportements de quête alimentaire pourraient mener à une sélection de 
proies, qui elle, pourrait potentiellement expliquer en partie les différences dans les 
proportions de variances expliquées par le paysage agricole entre les deux RDA.  
 
 
Sélection de proies par l’Hirondelle bicolore 
 
 
J’ai montré qu’il existait de la sélection de proies par l’Hirondelle bicolore dans notre système 
d’étude et que celle-ci dépendait avant tout de l’environnement, déterminé principalement par 
la disponibilité en proies dans le milieu (proportion et abondance relative), mais aussi par 
l’intensification agricole, comme j’avais prédit, puis par la date et l’heure de récolte des 
échantillons. Mes résultats sont en accord avec d’autres études qui ont montré un effet de 
l’environnement sur la diète des certains insectivores via des changements au niveau des 
stratégies de quête alimentaire (Grundel & Dahlsten, 1991; Brickle et al., 2000; Mitrus et al., 
2010; Girard et al., 2012; Beck et al., 2013). Par exemple, l’étude de Girard et al. (2012) a 
montré que la diète du Bruant chanteur (Melospiza melodia) provenait en plus grande 
proportion des habitats semi-naturels comparativement aux autres composantes du paysage, 
compte tenu de leur disponibilité. Par ailleurs, l’étude de Grundel & Dahlsten (1991), a, tout 
comme mon étude, montré un effet de la date et de l’heure de la journée sur la composition de 
la diète des Mésanges de Gambel (Parus gambeli). Dans le même ordre d’idées, l’étude de 
Beck et al. (2013) a également montré un effet de la date sur la diète de l’Hirondelle bicolore. 
De plus, elle a montré que l’endroit où étaient situées les colonies influençait la diète de ce 
passereau, puisque sa composition différait entre cinq colonies situées le long d’un gradient de 
qualité environnemental.  
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Mes résultats mettent également l’emphase sur le fait que la sélection de proies par 
l’Hirondelle bicolore est influencée principalement par la disponibilité de proies dans le milieu 
qui, elle, est influencée par l’intensification agricole. Mes résultats viennent ainsi appuyer le 
fait que la diète insectivore dépend de la disponibilité de proies (Grundel & Dahlsten, 1991; 
Pearce-Higgins & Yalden, 2004; Girard et al., 2012) qui est influencée par l’environnement 
(Brickle et al. 2000; Hoste-Danyłow et al., 2010).  
 
 
Globalement, j’ai montré, comme prédit, que la disponibilité de diptères dans le milieu 
influençait leur sélection, et ce, de façon positive. Par ailleurs, j’ai montré l’existence d’un 
effet de l’intensification agricole sur la sélection et l’évitement des diptères par l’Hirondelle 
bicolore, qui, contrairement à mes prédictions, n’était pas équivalente pour les trois types de 
mouches analysés pour lesquelles un effet avait été trouvé, soit les non-Schizophora, les 
Calyptratae ainsi que les Nematocera. Je n’ai trouvé aucun effet pour les Acalyptratae. 
 
 
J’ai d’abord montré un effet positif de l’intensification agricole sur la sélection des 
Calyptratae, lorsque leurs proportions disponibles dans l’environnement étaient faibles. 
Lorsque l’intensité agricole diminuait et que la proportion de ses mouches dans l’habitat 
augmentait, leur consommation était supérieure à leur disponibilité. Ce patron de sélection est 
différent de celui obtenu pour les Acalyptratae, taxa incluant des pestes de cultures au même 
titre que les Calyptratae. Effectivement, les Acalyptratae étaient sélectionnés jusqu’à ce que 
leur proportion dans la diète atteigne un taux de 25% (où la proportion consommée équivalait 
à la proportion disponible), à partir duquel, ils devenaient ensuite évités. Ces différences 
pourraient en partie être expliquées par la taille de ses mouches qui sont différentes, les 
Calyptratae étant généralement de plus grande taille que les Acalyptratae. Ainsi, il est 
possiblement avantageux pour l’Hirondelle bicolore de privilégier les Calyptratae face aux 
Acalyptratae puisque leur profitabilité est potentiellement plus élevée sur la base du modèle de 
la diète optimale (Krebs & Davies, 1993). 
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J’ai ensuite montré un effet de l’intensification agricole sur le patron d’évitement des mouches 
Nematocera. En effet, les Nematocera étaient généralement évités par l’Hirondelle bicolore, 
mais cet évitement diminuait avec l’augmentation de l’intensification agricole et avec 
l’augmentation de leur disponibilité dans l’environnement. L’Hirondelle bicolore semblerait 
donc préférer s’alimenter de ses proies lorsque leur proportion dans l’environnement est forte, 
dans les milieux intensifs, que chercher d’autres proies à chasser (hypothèse basée sur les 
modèles de diète « Diet models »; Krebs & Davies, 1993). J’ai également trouvé un effet du 
milieu agricole sur le patron de sélection des non-Schizophora qui étaient toujours 
sélectionnés en milieux naturels et presque toujours évités en milieux intensifs. 
L’interprétation plus détaillée de mes résultats reste, par contre, ardue, voire impossible, 
puisque beaucoup d’autres variables influencent la sélection de proies (Krebs & Davies, 1993; 
McLoughlin et al., 2010). Finalement, l’ensemble de mes résultats sur la sélection des diptères 
montre qu’il pourrait être profitable pour l’Hirondelle bicolore de consommer différents types 
de proies puisque j’ai montré qu’il y avait de la sélection de proies à de faibles proportions 
disponibles, et qu’à de fortes proportions disponibles, la proportion d’un type de mouche dans 
les becquées n’excédait jamais 0.50. 
 
 
J’ai inclus dans les modèles de sélection, qui consistaient en des fonctions de sélection de 
ressources (RSF), des variables fonctionnelles (disponibilité de proies), ma variable d’intérêt 
(intensification agricole) ainsi que des variables confondantes (date et heure de récolte) qui 
jouent sur la disponibilité de proies ainsi que sur le comportement de quête alimentaire de 
l’insectivore aérien. L’ajout de telles variables est encouragé lors de l’utilisation de RSF 
(Mysterud & Ims, 1998; Eeva et al., 2005; Godvik et al., 2009) puisqu’elles rendent les 
prédictions sur la sélection de proies plus robustes même si elles rendent, par le fait même, les 
analyses statistiques plus complexes. 
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Avantages et limitations des pièges à insectes utilisés 
 
 
Les pièges à insectes utilisés dans cette étude ne permettaient pas la récolte de tous les types 
de proies dont l’Hirondelle bicolore s’alimente. Par exemple, les insectes ayant un stade 
larvaire aquatique qui émergeaient des plans d’eaux pouvaient potentiellement être privilégiés 
lors de la chasse des hirondelles puisque leur abondance pouvait alors devenir ponctuellement 
très élevée. Ils pouvaient ainsi, constituer une forte proportion de la diète de l’Hirondelle 
bicolore, mais n’étaient pas échantillonnés de façon représentative à leur disponibilité par les 
pièges que nous utilisions, placés en bordure de champs. La récolte de ces insectes s’effectue 
normalement avec l’utilisation de pièges à émergence (McCauley 1976; Moldenke & Ver 
Linden 2007). Un tel biais a été identifié dans mes données en ce qui concerne les 
Ephemeroptera. En effet, tous les individus identifiés dans les becquées étaient du stade 
subimago, stade situé entre celui de la larve aquatique et celui de l’adulte terrestre, indiquant 
des proies émergentes (Edmunds, 1988), tandis que les deux seuls individus récoltés dans les 
pièges étaient au stade adulte.  
 
 
Malgré le fait que les insectes émergents n’aient pas été évalués adéquatement dans notre 
système d’étude, je crois tout de même que le bénéfice d’avoir récolté un piège à insectes par 
ferme tout au long du gradient d’intensification agricole et durant tout l’été m’ait permis de 
répondre adéquatement à mon objectif, c’est-à-dire de déterminer l’effet de l’intensification 
agricole sur la diète et la sélection de proies chez l’Hirondelle bicolore. De plus, une seule 
ferme présentait des proportions d’eau prépondérante pouvant mener à un biais potentiel 
(jusqu’à 56% d’eau dans un rayon de 500 m autour des nichoirs vs proportion moyenne de 1% 
dans le système d’étude). Aussi, puisque je me concentrais principalement sur l’ordre des 
diptères, je considère que le biais sur la capture des mouches émergentes de plans d’eau est 
faible puisque le biais possible à ce niveau aurait été rencontré pour les Nematocera (la plupart 
des espèces ayant un stade larvaire aquatique) lesquels auraient pu être sélectionnés alors 
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qu’ils ont été évités par les hirondelles et pour les non-Schizophora qui sont sélectionnés 
seulement en milieu naturel. 
 
 
Idéalement, afin de diminuer les biais associés à la récolte d’insectes qui sont distribués non 
aléatoirement dans le paysage (évènement d’émergence, essaims de reproductions), il aurait 
été préférable d’utiliser plusieurs pièges à insectes sur chacune des fermes. Il aurait, par 
contre, été laborieux et ardu d’arriver à récolter tous ses échantillons sur le terrain et de les 
identifier par la suite au laboratoire compte tenu de la durée que nécessite l’identification des 
taxa. 
 
 
Conclusions générales  
 
 
Cette étude est parmi les rares à déterminer et évaluer les interrelations entre les conditions 
environnementales, les communautés d’insectes disponibles dans l’environnement et les 
comportements de sélection de proies d’un oiseau insectivore aérien. Elle montre l’importance 
de considérer l’ensemble de ces variables lors de l’analyse de la sélection de proies 
puisqu’elles sont avant tout interreliées, mais également puisque la disponibilité de proies dans 
l’environnement pourrait à elle seule déterminer la composition de la diète de l’oiseau si celui-
ci ne répond pas face à des changements dans la disponibilité de proies par différents 
comportements lors des quêtes alimentaires. Ainsi, dans les milieux agricoles intensifs où 
l’abondance en insectes est faible, la diète de l’oiseau pourrait différer d’un milieu où 
l’abondance en insectes est élevée simplement du au fait qu’il s’alimente d’insectes de façon 
proportionnelle à leur disponibilité, lorsque la composition spécifique diffère entre ces deux 
milieux. Dans un tel cas, il est possible que l’anthropisation des milieux agricoles ait un 
impact négatif sur les traits d’histoire de vie de l’oiseau via la diminution de l’abondance en 
insectes dans les champs affectant par le fait même sa diète. Par contre, si l’oiseau réagit face 
à des changements et qu’il sélectionne ou évite certains types de proies, il se peut que l’effet 
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négatif en soit diminué, voire enrayé. Ainsi, l’hypothèse qu’il existe un effet négatif de 
l’intensification agricole sur les traits d’histoire de vie de l’oiseau via sa diète ne pourrait pas 
être confirmée.  
 
 
Il demeure que ce sujet reste complexe et que bien d’autres études sont requises afin de 
comprendre adéquatement les stratégies alimentaires de l’oiseau insectivore aérien sous 
différentes contraintes environnementales. En effet, l’oiseau pourrait, par exemple, 
simplement augmenter l’effort de chasse lors de ses quêtes alimentaires afin de contrer les 
effets de l’intensification agricole sans nécessairement effectuer de la sélection de proies. 
Ainsi, l’étude de la sélection de proies, une réponse comportementale, est donc non exclusive 
aux autres réponses possibles. C’est par différents amalgames de réponses comportementales 
possibles que l’effet d’un habitat moins favorable pour l’insectivore aérien pourrait 
potentiellement être compensé. 
 
 
Implications et perspectives futures 
 
 
Ce mémoire montre qu’il existe une influence de l’intensification agricole sur les proies 
disponibles dans le milieu ainsi que sur la diète de l’Hirondelle bicolore. J’ai montré que cette 
dernière dépend de la disponibilité en proies dans le milieu ainsi que de l’environnement 
agricole, qui, lui, influence également la composition en insectes dans l’environnement. J’ai 
également montré que les stratégies de quêtes alimentaires d’un insectivore aérien sont 
influencées par ces mêmes facteurs. Il reste toutefois à déterminer si l’Hirondelle bicolore, par 
des ajustements dans ses stratégies de sélection de proies, réussit à compenser l’effet d’un 
environnement moins optimal, tel l’environnement agricole intensif. En effet, les prochaines 
études devraient s’attarder à quantifier l’effet de la sélection de proies sur les traits d’histoire 
de vie de l’Hirondelle bicolore, tels sa croissance, sa survie et son succès reproducteur. Par 
exemple, la sélection de certaines proies pourrait favoriser la croissance des hirondelles ou le 
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développement de leurs ailes ce qui pourrait contrer, à court terme, les effets de 
l’intensification agricole puisqu’elles pourraient quitter le plus nid rapidement. Ainsi, la 
sélection de proies pourrait potentiellement contribuer à diminuer la vitesse à laquelle cette 
espèce est en déclin. 
  
BIBLIOGRAPHIE 
 
 
Arnold, K.E., Ramsay, S.L., Donaldson, C., and Adam, A. (2007). Parental prey selection 
affects risk-taking behaviour and spatial learning in avian offspring. P. Roy. Soc. Lond. B. 
Bio. 274, 2563-2569. 
Baeta, R., Bélisle, M., and Garant, D. (2012). Agricultural intensification exacerbates female-
biased primary brood sex-ratio in tree swallows. Landscape Ecol. 27, 1395–1405. 
Bayne, E.M., and Hobson, K.A. (1997). Comparing the effects of landscape fragmentation by 
forestry and agriculture on predation of artificial nests. Conserv. Biol. 11, 1418-1429. 
Beck, M.L., Hopkins, W.A., and Jackson, B.P. (2013). Spatial and temporal variation in the 
diet of Tree swallows: implications for trace-element exposure after habitat remediation. Arch. 
Environ. Con. Tox., 65, 575-587. 
Benton, T.G., Bryant, D.M., Cole, L., and Crick, H.Q.P. (2002). Linking agricultural practice 
to insect and bird populations: A historical study over three decades. J. Appl. Ecol. 39, 673-
687. 
Benton, T.G., Vickery, J.A., and Wilson, J.D. (2003). Farmland biodiversity: Is habitat 
heterogeneity the key? Trends Ecol. Evol. 18, 182-188. 
Blake, S., Foster, G.N., Fisher, G.E.J., and Ligertwood, G.L. (1996). Effects of management 
practices on the carabid faunas of newly established wildflower meadows in southern 
Scotland. Ann. Zool. Fenn. 33, 139-147. 
Blancher, P.J., and McNicol, D.K. (1990). Tree swallow diet in relation to wetland acidity. 
Can. J. Zool. 69, 2629-2637. 
Boatman, N.D., Brickle, N.W., Hart, J.D., Milsom, T.P., Morris, A.J., Murray, A.W.A., 
Murray, K.A., and Robertson, P.A. (2004). Evidence for the indirect effects of pesticides on 
farmland birds. Ibis 146, 131–143. 
  
 
98 
 
Bohning-Gaese, K., Taper, M.L., and Brown, J.H. (1999). Are declines in North American 
insectivorous songbirds due to causes on the breeding range? Conserv. Biol. 7, 76-86. 
Both, C., and Visser, M.E. (2001). Adjustment to climate change is constrained by arrival date 
in a long-distance migrant bird. Nature 411, 296-298. 
Both, C., Bouwhuis, S., Lessells, C.M., and Visser, M.E. (2006). Climate change and 
population declines in a long-distance migratory bird. Nature 441, 81-83. 
Brasso, L.R., and Cristol, D.A. (2008). Effects of mercury exposure on the reproductive 
success of tree swallows (Tachycineta bicolor). Ecotoxicology 17, 133–141. 
Brickle, N.W., Harper, D.G.C., Aebischer, N.J., and Cockayne, S.H. (2000). Effects of 
agricultural intensification on the breeding success of corn buntings Miliaria calandra. J. 
Appl. Ecol. 37, 742–755. 
Brown, D.R., and Sherry, T.W. (2006). Food supply controls the body condition of a migrant 
bird wintering in the tropics. Oecologia 149, 22-32. 
Brown, P.W., and Schulte, L.A. (2011). Agricultural landscape change (1937-2002) in three 
townships in Iowa, USA. Landscape Urban Plan. 100, 202-212. 
Burn, A.J. (2000). Pesticides and their effects on lowland farmland birds. Ecol. Conserv. 
Lowl. Farml. Birds, 89-104. 
Busby, D.G., White, L.M., and Pearce, P.A. (1990). Effects of aerial spraying of fenitrothion 
on breeding white-throated sparrows. J. Appl. Ecol. 27, 743-755. 
Capinera, J. (2001). Handbook of vegetable pests (San Diego: Academic Press). 
Chamberlain, D.E., Fuller, R.J., Bunce, R.G.H., Duckworth, J.C., and Shrubb, M. (2000). 
Changes in the abundance of farmland birds in relation to the timing of agricultural 
intensification in England and Wales. J. Appl. Ecol. 37, 771–788. 
Collins, B.T., and Downes, C.M. (2009). Relevé canadien des oiseaux nicheur, Version 2.3. 
Service Canadien de la Faune, Environnement, Canada, Gatineau, Québec. 
  
 
99 
 
Cormont, A., Vos, C.C., Van Turnhout, C.A.M., Foppen, R.P.B., and Ter Braak, C.J.F. 
(2011). Using life-history traits to explain bird population responses to changing weather 
variability. Climate Res. 49, 59-71. 
Dictionnaire de français Larousse. Anthropisation. Récupéré via: 
http://www.larousse.fr/dictionnaires/francais/anthropisation/10910377?q=anthropisation#9171
31; Accédé le 18 janvier 2014. 
Dods, P.L., Birmingham, E.M., Williams, T.D., Ikonomou, M.G., Bennie, D.T., and Elliott, 
J.E. (2005). Reproductive success and contaminants in tree swallows (Tachycineta bicolor) 
breeding at a wastewater treatment plant. Environ. Toxicol. Chem. 24, 3106-3112. 
Donald, P.F., Green, R.E., and Heath, M.F. (2001). Agricultural intensification and the 
collapse of Europe's farmland bird populations. P. Roy. Soc. Lond. B. Bio. 268, 25-29. 
Edmunds, G.F.Jr. (1988). The mayfly subimago. Annu. Rev. Entomol. 33, 509-29.  
Eeva, T., Ryömä, M., and Riihimäki, J. (2005). Pollution-related changes in diets of two 
insectivorous passerines. Oecologia 145, 629-639. 
Evans, K.L., Bradbury, R.B., and Wilson, J.D. (2003). Selection of hedgerows by Swallows 
Hirundo rustica foraging on farmland: The influence of local habitat and weather. Bird Study 
50, 8-14. 
Evans, K.L., Wilson, J.D., and Bradbury, R.B. (2007). Effects of crop type and aerial 
invertebrate abundance on foraging barn swallows Hirundo rustica. Agr. Ecosyst. Environ. 
122, 267-273. 
Filson, G.C. (2004). Intensive agriculture and sustainability: a farming systems analysis. 
(Vancouver: UBC Press). 
Food and Agriculture Organization of the United Nations FAOSTATS. (2013). Récupéré via: 
http://faostat3.fao.org/; Accédé le 11 janvier 2014. 
Freemark, K.E., and Kirk, D.A. (2001). Birds on organic and conventional farms in Ontario: 
Partitioning effects of habitat and practices on species composition and abundance. Biol. 
Conserv. 101, 337-350. 
  
 
100 
 
Fuller, R.J., Gregory, R.D., Gibbons, D.W., Marchant, J.H., Wilson, J.D., Baillie, S.R., and 
Carter, N. (1995). Population declines and range contractions among lowland farmland birds 
in Britain. Conserv. Biol. 9, 1425-1441. 
Ghilain, A., and Bélilse, M. (2008). Breeding success of Tree Swallows along a gradient of 
agricultural intensification. Ecol. Appl. 18, 1140-1154. 
Gienapp, P., Teplitsky, C., Alho, J.S., Mills, J.A., and Merilä, J. (2008). Climate change and 
evolution: disentangling environmental and genetic responses. Mol. Ecol. 17, 167-178. 
Girard, J., Baril, A., Mineau, P., and Fahrig, L. (2012). Foraging habitat and diet of Song 
Sparrows (Melospiza melodia) nesting in farmland: A stable isotope approach. Can. J. Zool.  
90, 1339-1350. 
Godvik, I.M.R., Loe, L.E., Vik, J.O., Veiberg, V., Langvatn, R., and Mysterud, A. (2009). 
Temporal scales, trade-offs, and functional responses in red deer habitat selection. Ecology 90, 
699-710. 
Goudie, A. (2013). The human impact on the natural environment: past present and future. 7th 
edition. (Oxford: John Wiley & Sons). 
Gouvernement du Canada. (2013). COSEPAC : Comité sur la situation des espèces en périls 
au Canada. Évaluation des espèces sauvages. Récupéré via: 
http://www.cosewic.gc.ca/fra/sct0/index_f.cfm?#results; Accédé le 18 janvier 2014. 
Grüebler, M.U., Schuler, H., Müller, M., Spaar, R., Horch, P., and Naef-Daenzer, B. (2008). 
Female biased mortality caused by anthropogenic nest loss contributes to population decline 
and adult sex ratio of meadow bird. Biol. Conserv. 141, 3040-3049. 
Grundel, R., and Dahlsten, D.L. (1991). The feeding ecology of mountain chickadees (Parus 
gambeli): patterns of arthropod prey delivery to nestling birds. Can. J. Zool. 69, 1793-1804. 
Hart, J.D., Milsom, T.P., Fisher, G., Wilkins, V., Moreby, S.J., Murray, A.W.A., and 
Robertson, P.A. (2006). The relationship between yellowhammer breeding performance, 
arthropod abundance and insecticide applications on arable farmland. J. Appl. Ecol. 43, 81-91. 
  
 
101 
 
Hoste-Danyłow, A., Romanowski, J., and Zmihorski, M. (2010). Effects of management on 
invertebrates and birds in extensively used grassland of Poland. Agr. Ecosyst. Environ. 139, 
129-133. 
Initiative de conservation des oiseaux de l’Amérique du Nord. (2012). État des populations 
d’oiseaux du Canada, 2012. Environnement Canada, Ottawa, Canada. 36 pages. Téléchargé 
via : http://www.etatdesoiseauxcanada.org/; Accédé le 19 janvier 2014. 
Jobin, B., Latendresse, C., Baril, A., Maisonneuve, C., Boutin, C., and Côté, D. (2014). A 
half-century analysis of landscape dynamics in southern Québec, Canada. Environ. Monit. 
Assess 186, 2215-2229. 
Johnson, M.D., Sherry, T.W., Holmes, R.T., and Marra, P.P. (2006). Assessing habitat quality 
for a migratory songbird wintering in natural and agricultural habitats. Conserv. Biol. 20, 
1433-1444. 
Johnson, M.E., and Lombardo, M.P. (2000). Nestling Tree swallow (Tachycineta bicolor) 
diets in an upland old field in western Michigan. Am. Midl. Nat. 1, 216-219. 
Jones, T., and Cresswell, W. (2010). The phenology mismatch hypothesis: Are declines of 
migrant birds linked to uneven global climate change? J. Anim. Ecol. 79, 98-108. 
Kaspari, M., and Joern, A. (1993). Prey choice by three insectivorous grassland birds: 
Reevaluating opportunism. Oikos 68, 414-430. 
Kerr, J.T., and Cihlar, J. (2003). Land use and cover with intensity of agriculture for Canada 
from satellite and census data. Global Ecol. Biogeogr. 12, 161-172. 
Kingsolver, J.G. (1989). Weather and the population dynamics of insects: integrating 
physiological and population. Physiol. Zool. 62, 314-334. 
Krebs. J.R., and Davies, N.B (1993). Economic decisions and the individual. In An 
introduction to behavioral biology. (Oxford : Blackwell Science), pp. 48-76. 
Lamoureux, S. (2010). Impact de l’intensification agricole sur l’effort parental, la croissance et 
la survie des oisillons chez l’Hirondelle bicolore (Tachycineta bicolor). Mémoire de maîtrise, 
Université de Sherbrooke, Sherbrooke, Québec, Canada. 
  
 
102 
 
Luque, G.M., Hochberg, M.E., Holyoak, M., Hossaert, M., Gaill, F., and Courchamp, F. 
(2013). Ecological effects of environmental change. Ecol. Lett. 16, 1-3. 
Manly, B.F.J, McDonald, L.L., Thomas, D.L., McDonald, T.L., and Erickson, W.P. (2002) 
Resource selection by animals, statistical design and analysis for field studies, (2d eds). 
(Dordrecht : Kluwer Academic Publishers). 
Maul, J.D., Belden, J.B., Schwab, B.A., Whiles, M.R., Spears, B., Farris, J.L., and Lydy, M.J. 
(2006). Bioaccumulation and trophic transfer of polychlorinated biphenyls by aquatic and 
terrestrial insects to tree swallows (Tachycineta bicolor). Environ. Toxicol. Chem. 25, 1017–
1025. 
McCarty, J.P. (2002). Use of tree swallows in studies of environmental stress. Rev. Toxicol. 4, 
61-104. 
McCarty, J.P., and Winkler, D.W. (1991). Use of an artificial nestling for determining the diet 
of nestling Tree swallows. J. Field Ornithol. 62, 211-217. 
McCarty, J.P., and Winkler, D.W. (1999). Foraging ecology and diet selectivity of Tree 
swallows feeding nestlings. Condor 101, 246-254. 
McCauley, V.J.E. (1976). Efficiency of a trap for catching and retaining insects emerging 
from standing water. Oikos 27, 339-345. 
McLoughlin, P.D., Morris, D.W., Fortin, D., Vander Wal, E., and Contasti, A.L. (2010). 
Considering ecological dynamics in resource selection functions. J. Anim. Ecol. 79, 4-12. 
Meehan, T.D., Werling, B.P., Landis, D.A., and Gratton, C. (2011). Agricultural landscape 
simplification and insecticide use in the Midwestern United States. P. Natl. Acad. Sci. USA 
108, 11500-11505.  
Mellanby, K. (1939). Low temperature and insect activity. P. Roy. Soc. Lond. B. Bio. 127, 
473-487.  
Mengelkoch, J.M., Niemi, G.J., and Regal, R.R. (2004). Diet of the nestling Tree swallow. 
Condor 106, 423-429. 
  
 
103 
 
Mineau, P., and Whiteside, M. (2006). Lethal risk to birds from insecticide use in the United 
States: A spatial and temporal analysis. Environ. Toxicol. Chem. 25, 1214-1222. 
Mitrus, C., Mitrus, J., and Sikora, M. (2010). Changes in nestling diet composition of the red-
breasted flycatcher Ficedula parva in relation to chick age and parental sex. Anim. Biol. 60, 
319-328. 
Moldenke, A.R., and Ver Linden, C. (2007). Effects of clearcutting and riparian buffers on the 
yield of adult aquatic macroinvertebrates from Headwater Streams. Forest Sci. 53, 308-319.  
Mysterud, A., and Ims, R. (1998). Functional responses in habitat use: availability influences 
relative use in trade-off situations. Ecology 79, 1435-1441. 
Nebel, S., Mills, A., McCracken, J.D., and Taylor, P.D. (2010). Declines of aerial insectivores 
in North America follow a geographic gradient. Avian Conserv. Ecol. 5, 1. 
Norris, D.R., Marra, P.P., Kyser, T.K., Sherry, T.W., and Ratcliffe, L.M. (2004). Tropical 
winter habitat limits reproductive success on the temperate breeding grounds in a migratory 
bird. P. Roy. Soc. Lond. B. Bio. 271, 59-64. 
Pearce-Higgins, J.W., and Yalden, D.W. (2004). Habitat selection, diet, arthropod availability 
and growth of a moorland wader: The ecology of European Golden Plover Pluvialis apricaria 
chicks. Ibis 146, 335-346. 
Peng, R.K., Fletcher, C.R., and Sutton, S.L. (1992). The effect of microclimate on flying 
dipterans. Int. J.  Biometeorol. 36, 69-76. 
Pescador, M. and Peris, S. (2001). Effects of land use on nest predation: An experimental 
study in Spanish croplands. Folia Zool. 50, 127-136. 
Pimentel, D. (1994). Insect population responses to environmental stress and polluants. 
Environ. Rev. 2, 1-15. 
Poulin, B., Lefebvre, G., and Paz, L. (2010). Red flag for green spray: adverse trophic effects 
of Bti on breeding birds. J. Appl. Ecol. 47, 884-889. 
  
 
104 
 
Quinney, T.E., and Ankney, C.D. (1985). Prey size selection by Tree swallows. Auk 102, 245-
250. 
Ramankutty, N., and Foley, J.A. (1999). Estimating historical changes in land cover North 
American croplands from 1850 to 1992. Global Ecol. Biogeogr. 8, 381-396. 
Rendell, W.B., and Robertson, R.J. (1990). Influence of forest edge on nest-site selection by 
Tree swallows. Wilson Bull. 102, 634-644. 
Richter-Boix, A., Llorente, G.A., Montori, A., and Garcia, J. (2007). Tadpole diet selection 
varies with the ecological context in predictable ways. Basic and Appl. Ecol. 8, 464-474. 
Rioux Paquette, S., Garant, D., Pelletier, F., and Bélisle, M. (2013). Seasonal patterns in Tree 
Swallow prey (Diptera) abundance are affected by agricultural intensification. Ecol. Appl. 23, 
122–133. 
Robertson, R.J., and Rendell, W.B. (1990). A comparison of the breeding ecology of a 
secondary cavity nesting bird, the tree swallow (Tachycineta bicolor), in nest boxes and 
natural cavities. Can. J. Zool. 68, 1046- 1052. 
Robillard, A., Garant, D., and Bélisle, M. (2013). The Swallow and the Sparrow: How 
agricultural intensification affects abundance, nest site selection and competitive interactions. 
Landscape Ecol. 28, 201-215. 
Sanz, J.J., Potti, J., Moreno, J., Merino, S., and Frías, O. (2003). Climate change and fitness 
components of a migratory bird breeding in the Mediterranean region. Glob. Change Biol. 9, 
461-472. 
Schweiger, O., Maelfait, J.P., Van Wingerden, W., Hendrickx, F., Billeter, R., Speelmans, M., 
Augenstein, I., Aukema, B., Aviron, S., Bailey, D., et al. (2005). Quantifying the impact of 
environmental factors on arthropod communities in agricultural landscapes across 
organizational levels and spatial scales. J. Appl. Ecol. 42, 1129–1139. 
Sibly, R.M., Newton, I., and Walker, C.H. (2000). Effects of dieldrin on population growth 
rates of sparrowhawks 1963-1986. J. Appl. Ecol. 37, 540-546. 
  
 
105 
 
Simberloff, D., Martin, J.-L., Genovesi, P., Maris, V., Wardle, D.A., Aronson, J., Courchamp, 
F., Galil, B., García-Berthou, E., Pascal, M., et al. (2013). Impacts of biological invasions: 
What's what and the way forward. Trends Ecol. Evol. 28, 58-66. 
Smits, J.E.G., Bortolotti, G.R., Sebastian, M., and Ciborowski, J.J.H. (2005). Spatial, 
temporal, and dietary determinants of organic contaminants in nestling tree swallows in point 
pelee National Park, Ontario, Canada. Environ. Toxicol. Chem. 24, 3159-3165. 
Soroka, J.J., Dosdall, L.M., Olfert, O.O., and Seidle, E. (2004). Root maggots (Delia spp., 
Diptera: Anthomyiidae) in prairie canola (Brassica napus L. and B. rapa L.): Spatial and 
temporal surveys of root damage and prediction of damage levels. Can. J. Plant Sci. 84, 1171-
1182. 
Statistique Canada, Gouvernement du Canada. (2014). La population canadienne en 2011 : 
effectifs et croissance démographique, Chiffres de population et des logements, Recensement 
de 2011. Récupéré via: www.statcan.gc.ca; Produit numéro 98-310-x2011001; Accédé le 9 
janvier 2014. 
Tapper, S.C., Potts, G.R., and Brockless, M.H. (1996). The effect of an experimental reduction 
in predation pressure on the breeding success and population density of grey partridges Perdix 
perdix. J. Appl. Ecol. 33, 965-978. 
Taylor, L.R. (1963). Analysis of the effect of temperature on insects in flight. J. Anim. Ecol. 
32, 99-117. 
Thompson, P.B. (2008). The ethics of intensification agricultural development and cultural 
change. (East Lansing: Springer). 
Torok, J., and Toth, L. (1988). Density dependence in reproduction of the collared flycatcher 
(Ficedula albicollis) at high population levels. J. Anim. Ecol. 57, 251-258. 
Turner, A.X. (1980). The use of time and energy by aerial feeding birds. Ph.D thesis. 
University of Stirling, Stirling, Scotland, United Kingdom. 
Vickery, J.A., Tallowin, J.R., Feber, R.E., Asteraki, E.J., Atkinson, P.W., Fuller, R.J., and 
Brown, V.K. (2001). The management of lowland neutral grasslands in Britain: Effects of 
agricultural practices on birds and their food resources. J. Appl. Ecol. 38, 647-664. 
  
 
106 
 
Vitousek, P.M., Mooney, H.A., Lubchenco, J., and Melillo, J.M. (1997). Human domination 
of Earth's ecosystems. Science 277, 494-499. 
Whittingham, M.J., and Evans, K.L. (2004). The effects of habitat structure on predation risk 
of birds in agricultural landscapes. Ibis 146, 210-220. 
Winkler, D.W., Luo, M.K., and Rakhimberdiev, E. (2013). Temperature effects on food 
supply and chick mortality in tree swallows (Tachycineta bicolor). Oecologia 173, 129–138. 
Yoshimura, M. (2012). Effects of forest disturbances on aquatic insect assemblages. Entomol. 
Sci. 15, 145-154.  
  
 
 
